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_ PREFACE 


Experiments in Electronic Devices and Circuits is designed as a learning 
: companion to the text, Principles of Electronic Devices and Circuits. This man- 
: ual is uniquely structured. The differences are the number of experiments, the 
: extent of the troubleshooting sections, and the use of a format that enhances the 
: learning experience. 

The unusually large number of experiments provides a strong base from 
: which instructors can select laboratory activities that support the emphasis of 
: their specific program. The troubleshooting portions of the experiments are lo- 
: cated in separate sections that permit assignment as desired. The troubleshooting 
: was designed to simulate realistic circuit faults and, to a major extent, avoid fault 
: simulation by means of a missing element—a questionable technique which tends 
: to produce awkward measurements. 

The experiment format is organized to allow the learner to build a circuit, 
: then make functional measurements to see the operating characteristics of the 
: circuit. Coupled with this approach is a discussion section which extends the 
: learner’s thinking into further considerations of circuit characteristics and appli- 
: cations. 

In summary, these experiments reflect an approach adopted after years of 
: watching students compare measured values with calculated values, and then 
: attempt to describe what they learned from the process. 

Several individuals deserve credit and praise for their contributions to this 
‘ undertaking. Special thanks to Charles A. Heskett for his time and talents. The 
: following people had a part in creating this work: Robert Doyle, Amie Garcia, 
: David Leigon, Daniel Lookadoo, Daniel Presson, and Pat Thomason. The 
: authors wish to thank all of them and express gratitude for their efforts. 


_ SUGGESTED EXPERIMENT USAGE 


It is recognized that, even in a two-quarter program, it would be difficult to 
: assign (and expect every student to complete) all of the experiments available in 
: this manual. The tables on the following pages list a nominal assignment rate 
: that is based on an assumed laboratory time of approximately eight lab hours per 
: week. In this list, some experiments are marked in italics. These specially 
: marked experiments could be deleted to accommodate shorter laboratory times 
: or slower work rates. In addition, the tables list supplementary experiments that 
: might be assigned for a particular program emphases or extra work for advanced 
: learners. 
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VOLTAGE DIVIDERS 


INTRODUCTION 


The theory of voltage dividers is an interesting and important tool when used to 
analyze series electronic circuits. The first part of this laboratory experiment will ; 


demonstrate to you three facts about voltage dividers: 


1. The sum of all voltage drops is equal to voltage applied (Va). 
2. Current flow is the same at any point in the circuit. 


3. The voltage dropped across any one resistor in a series circuit is "equal to 
the ratio of that resistance value to the total resistance (Rx / Rt) times the 


applied voltage (Va)." 


You will see that the voltage divider principle is also used in series-parallel : 
circuits. This occurs when you place a “load" on one of the resistors in the volt- : 
age divider. The troubleshooting part of the experiment permits you to see the : 
effect of a resistor failure in your voltage divider circuit. You will also be able to ; 


relate measurement values to circuit fault. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 1, Section 1.2 


OBJECTIVES 
In this experiment you will: 


Y Prove that multiple voltages are available with the use of only one 
power supply 


Y Study the effect of a load on a voltage divider circuit 


Y Be able to relate measured values to circuit faults 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

Resistors: 1 kQ, 2 kQ, 3 kQ, 5 kQ, 1 MQ 


VOLTAGE DIVIDERS 1 


The circuit shown below in 
Figure 1.1 is the same one 
explained in your textbook. 
Since all calculations for the 
circuit are done, you are 
ready to construct this cir- 
cuit on your breadboard. 


R; §kQ 
Va 
40 V R2 3kQ 
R3 1kQ 
Figure 1.1 


The portion of this lab starting 
with step 5 will enable you to 
study the effect of a"load" ona 
voltage divider. The circuit used 


comparisons 


Figure 1.2 


2 EXPERIMENT 1 


|" SECTION I 


4, 


FUNCTIONAL EXPERIMENT 
Adjust the variable power supply to 10 V. With the power supply tumed 
off, connect power to the circuit. 
Since you already know the expected voltage drops on each resistor, it is 
now time to verify these calculated results. Use your multimeter to meas- 
ure each voltage drop. Record your readings in the chart below. 
Vri = Vr2 = Vp3 = 
To prove that the sum of these three voltage drops is equal to the voltage 


applied (Va) to the circuit, sum the individual voltage drops data from 
step 2 above to calculate Va. ’ 


Va= 


: Your calculated value of Va should agree (within the voltmeter accuracy). If 
. there is a significant difference, recheck your measurements of steps 1, 2, and 3. 


Using Ohm’s law, you can also prove that the current flowing through 
this circuit is the same at any point in that path. This is accomplished by 
taking each voltage drop and dividing it by its respective resistance 
value. Record your results below. 

Ip3 = 


Tri = Ip = 


Construct the circuit shown in Figure 1.2 and adjust the power supply to 
10 V. 


: The addition of a 1-kQ load across R; alters the makeup of the circuit in Figure 
: 1.2. This is due to the fact that the new load has provided another path for current 
: to flow. Another item to consider will be the effect this load will have on total 
: resistance and, therefore, total current. 

in Figure 1.1 will be utilized so ° 
that we can have a good refer- | 
ence point from which to make | 


Recalculate the new circuit 
values and record the 

data in the Calculated 
column in Table 1.1. 
Measure the same circuit 
values and record them 

in the Measured column 

in Table 1.1 


Catt 


Table 1.1 


SECTION II TROUBLESHOOTING 


Fault I - Changing resistance in the voltage divider 
1. Ifone resistor in your original circuit fails, then the voltage drops in the 


circuit would be expected to change also. This can be simulated easily by 


merely replacing one resistor with a large resistance to simulate a failed 
(open) resistor. With the power supply tumed off, remove R3 (5 kQ) 
from the circuit and replace it with a 1-MQ resistor. 


2. Using your digital multimeter, measure the voltage drop on each resistor 
and record this reading below. 


Vri = Vr2 = VrR3 = 


3. Although the the voltage measurements for Figure 1.2 are different from 
the ones for Figure 1.1, their sum should still be equal to the total voltage 
applied. Verify this concept below. 


Va= Vrit Vr2 + Vr3 = 


Fault 2 - Load resistor open 

1. Using Figure 1.2, let’s assume that the 1-kQ load resistor fails, or opens. 
The parallel combination of Ry (1 kQ) and Rroaa is different from before. 
Construct the circuit of Figure 1.2. Modify the circuit by replacing the 
1-kQ Ry with a 1-MQ resistor. 


Rr= IrT= 
Vri = Vrioad = 
Vr2 = Vr3 = 


2. Apply 10 V to the circuit and measure the values listed below. 
Vri = VRLoad = 


3. From your measured data it should be clear that the circuit fault lies with 
R3 or Rt. List the measurement you would make to isolate the failure to 
the specific resistor that failed. 


DISCUSSION 


Section I 


1. In Section I you measured voltage drops and compared those to the calcu- 


lated values in your textbook. Discuss the relationship of each resistor’s 
ratio to the measured voltage drop. 


4 


: Your measurements in Step 2 
: should clearly indicate that the 
: circuit fault is associated with 
i Rs. 
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2. Discuss how a voltage divider could be used to supply a certain amount 
of voltage to a circuit or to a component. 


3. Discuss how you would connect a load that operates with a certain volt- 
age/current demand to a voltage divider circuit (see Figure 1.3). 


2 Section IT 


Figure 1.3 


1. If the circuit of Figure 1.4 were mounted in a printed circuit board, 

describe the measurements you would make to be certain that the failure 
was an open resistor rather than a break in the solder connection on the 
board connecting one leg of R3 to the circuit board. 


2. Referring to the loaded voltage divider circuit failure, could you with just 
one voltage measurement determine if the failure was Ry instead of R3? 
Explain why you chose your answer. 


Ry 1MQ 


Va 3kQ 
soy Fe 


Rs 1kQ Quick Check 
1. Solve for the voltage drops of the voltage divider shown in Figure 1.5. 


Figure 1.4 2 2. IfR2 of Figure 1.5 was removed and replaced with an 8 kQ resistor, what 


would be the new value of current flow? What effect, if any, does this 
have on Vpi and Vr3? 


3. Figure 1.6 shows a loaded voltage divider. With the information given, 
determine the following values: 


VR3 = Iri= 


Ir2 = R2= 


2kQ 20V 


40V 10V 20mA 


10 kQ 


10 kQ 


Figure 1.5 Figure 1.6 


4 EXPERIMENT 1 


THEVENIN'S THEOREM 


INTRODUCTION 


Thevenin’s theorem provides a way to take a complex circuit and reduce it toa ; 
‘simple Thevenin voltage (Vru) source in series with a Thevenin resistance : 
(Ru). Thevenin’s theorem is also used for simplifying circuits that involve more : 
than one power source. This experiment provides a functional review of the ap- : 


plication of Thevenin’s theorem and an experimental application. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 1, Section 1.4 


OBJECTIVES 
In this experiment you will: 


v Reduce a complex resistive circuit to a single resistance (Rry) in series 
with a single voltage source (VTn) 


v Experimentally verify Thevenin’s theorem through voltage 
measurements 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

Resistors: 2.7 kQ, 82 kQ 
Potentiometers: 5 kQ [2], 10 kQ 
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| SECTIONI FUNCTIONAL EXPERIMENT 


Figure 2.1 


1. Construct the circuit of Figure 2.1 on your circuit breadboard. Use the 
potentiometers adjusted to the required resistance value. 


: 2. The total current (It) and load current (IL) have been calculated in the 
textbook on page 28. With that information, determine the expected 
value of voltage on the load. 


Vioad (calc.) = 


, 3. Adjust the power supply for 12 V and connect this voltage to the circuit. 
i Measure load voltage and record below. 


Vioad (measured) = 


| 4. Using the circuit of Figure 2.1, Thevenize and reconstruct the circuit on 
your breadboard. 


NOTE: The calculations for this particular circuit have been com- 
pleted on pages 30 and 31 of the textbook. Figure 2.2 shows the 
equivalent (Thevenized) circuit after your calculations. 


A standard 2.7-kQ resistor is used instead of the calculated 2.67-kQ 
resistance shown on page 31 of the text. If you want to be more ac- 
curate, use a potentiometer that is adjusted to 2.67 kQ in place of 
the 2.7-kQ resistor. 


Figure 2.2 , Vicad(calc.) = 


5. Apply 4 V to the Thevenized circuit and measure the voltage drop across 
the load. 


VLoad(measured) = 


How does this measurement compare to the measurement across the 
load in step 3? 


6 EXPERIMENT 2 


10. 


11. 


8kQ A 


"O en 
toad 
“Shorted” ~ 
Power Supply 
— B 
Figure 2.3 


To verify Rru, construct the circuit of Figure 2.3 and measure the 
resistance at points A and B. 


Turn off the circuit power and restore your circuit to that of Figure 2.1, 
except use an 82-kQ load resistance. Apply 12 VDC to the circuit and 
measure the value of VL. 


VL= 
Calculate for your circuit the value of It, IL, and VL. 
Ir= IL= VL= 


Modify your circuit to the Thevenin equivalent (Figure 2.2 where 
Rx = 82 kQ). 


Apply 4 VDC and measure the value of VL. 
VL= 


Using the Thevenin equivalent circuit form, calculate the value of I7 and 
VL. 


l= VL= 


Can you agree that calculations of circuit values are much easier us- 
ing the "Thevenized" circuit form? 


This completes the measurements of this experiment. 


DISCUSSION 


1. 


2: 


Discuss the reasons for any differences you might have encountered be- 
tween your calculated values and your measured values. 


Discuss how Thevenin’s theorem could be useful in the "real world." 


THEVENIN’S THEOREM 


: Quick Check 


| 1, When calculating Rr, you should remove the power supply and replace 
it with a/an (short, open). 


, 2. Thevenin voltage is calculated by finding the voltage drop at the (loaded, 
unloaded) terminals. 


3. Determine the Thevenin voltage and resistance for Figure 2.4. 


Vrn = Rrp = 
2kQ 
1kQ 
A 
14V 7 
Q 4kQ 
ee Load 
= B 
Figure 2.4 


8 EXPERIMENT 2 


SUPERPOSITION 
THEOREM 


INTRODUCTION 


The superposition theorem is helpful when analyzing circuits that have more | 
than one source. The superposition theorem can, with some restrictions, be used _ 
in both AC and DC and in circuits where both sources are used. In this experi- : 
ment you will construct and analyze two circuits, one with both DC sources and : 
the other with an AC and a DC source. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 1, Section 1.6 


OBJECTIVES 
In this experiment you will: 
Y Demonstrate the superposition theorem in DC circuits 


¥ Demonstrate the superposition theorem in AC- and DC-sourced circuits 


EQUIPEMENT AND MATERIALS 


DC power supply [2] 

Function generator 

Digital multimeter [2] 
Oscilloscope 

Circuit protoboard 

Resistors: 220 Q, 330 Q, 1kQ 
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NOTICE 


When a step in this experi- 
ment instructs you to "short" 


: SECTION I FUNCTIONAL EXPERIMENT 


Two DC Sources 
| 1. Construct the circuit in Figure 3.1. 


a power supply, you should : 2. Calculate Rr, Is, and V3 for R, R, 


disconnect the designated 


power supply and replace its | | : 
connections with a jumper | | Shorted in the Cale. 


wire. 


Vp shorted. Record as Vg 


columns of Table 3.1. 


: 3. Short power supply Vp. 

Disconnect Va and meas- 
ure Rr. Record as Vg 
Shorted in the Rr column 
of Table 3.1. 


Figure 3.1 


, 4. Reconnect the Va supply, but do not turn it on at this time. 
: 5. Connect an ammeter in the R3 branch. 


6. Turnon the Va supply. Measure I; and V3, and record the values as Vg 
Shorted in the Meas. columns of Table 3.1. 


: 7. Turn off the power. 


| 8. Calculate Rr, I3, and V3 for Va shorted. Record as V4 Shorted in the Calc. 
columns of Table 3.1. 


: 9. Short Va. Disconnect Vp and measure Rv. Record as Vg Shorted in the 
Rr column of Table 3.1 


10. Repeat steps 4, 5, 6, and 7, using Vp as the active supply. 


Do your measured values in step : 

13 agree with the calculated val- : 11. Use the superposition theorem to calculate the values of Iz and V3 in the 
ues for I3 and V3 with two sup- : full circuit. Record as Full Circuit items in the Calc. columns of Table 
plies? If they do not, recheck | 3.1. 

your calculations and proce- : 


dural steps. 


10 EXPERIMENT 3 


: 12, Reconnect Va so that both supplies are in the circuit, and insert an amme- 


Mh, ter in the R3 branch. 
: 13. Turn on the power and measure I3 and V3. 


VB Shorted 


a 
[vastored | 
[Facet |= 


Table 3.1 


10. 


11. 


12. 
13. 


14. 


[esters [| 
[vasteres [| 
[Furciout [= 


Mixed DC and AC Sources 


Construct the circuit in Figure 3.2. 


Calculate the values for Rr, Is, and V3 for Va and Vg 
shorted. Record the values in the Calc. columns of Table 330 Q 
a2. Vy Vp 


5V Ty 3 Vep 


R, Ro 


Short supply Vp. Disconnect Va and measure Ry. Record 
as Vz Shorted in the Rr Meas. columnf Table 3.2. 


Reconnect the Va supply, but do not turn it on at this Figure 3.2 
time. 
Connect an ammeter in the R3 branch. 


Turn on the power. Measure [3 and V3, and record as Vg Shorted in the 
Meas. columns of Table 3.1. 


Turn off power. 


Short supply Va. Disconnect Vp and measure Rr. Record as Vg Shorted 
in the Rr Calc. column of Table 3.2. 


Repeat steps 4, 5, 6, and 7, using Vp as the active supply. 


Use the superposition theorem to calculate the values of Iz and V3 in the 
full circuit. Record as Full Circuit items in the Calc. columns of Table 
3.2 


Reconnect the circuit so that both supplies are active. 
Insert an ammeter in the R3 branch. 12V 


Tum on the power. Measure [3 and V3, and enter the values as Full any 
Circuit items in the Meas. columns of Table 3.2. 8V 


Do your measured values in step 13 agree with the calculated 
values for Iz and V3 with two supplies? If they do not, recheck 4V 
your calculations and procedural steps. 2V 


Connect your oscilloscope, DC coupled, across R3. Sketch the wave- OV 1 
form in the space provided as Graph 3.1. Time 


Table 3.2 


SUPERPOSITION THEOREM 11 


12 EXPERIMENT 3 


_ DISCUSSION 


Explain the signal you drew in step 13. Indicate for example, the 
reference voltage. Was it zero? Why? 
What signal would you expect to see if the DC and AC levels were 
negative? 
Why is it necessary to remove the source from the circuit before 
measuring the total resistance of the circuit? 
Quick Check 
In circuit of Figure 3.1, your calculated Rr for Vp shorted was approxi- 
mately: 
(a) 150Q (b) 510 Q 
(c) 330Q (d) 1330 Q 
. . . ; ; ms R2 R3 
The equation for finding Rr in question | is Rr = Ry + ———. 
R2+R3 
True False 
In the superposition theorem, currents and voltages are analyzed with one 
source applied at a time. 
True ‘False 
The superposition theorem can be used to analyze circuits with both DC 
and AC sources. 
True False 
It is not possible to determine the direction of current flow using the super- 


position theorem. 


True False 


TEST EQUIPMENT 
LIMITATIONS 


INTRODUCTION 


Measuring instruments are very important in technology. Whether you are trou- | 
bleshooting or gathering data for an engineering project, having good measure- ; 
ment skills and knowing the limitations of your test equipment are imperative. | 
When using a DMM, VOM, or an oscilloscope, several things you should re- : 
member. 

Each piece of measurement equipment, oscilloscope, CMM, or VOM has a 
finite input impedance. This impedance, in parallel with the circuit element | 
where the measurement is being made, can alter the circuit, and thus the meas- : 
urement. Secondly, when you are measuring AC voltages, frequency limitations ; 
of the measuring equipment can result in misleading data being obtained. 

In this experiment you will observe the effect of meter loading on a circuit : 
and measure the input impedance of a meter. You will also examine the fre- | 
quency limitations of the AC voltmeter. i 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 1, Section 1.7 


OBJECTIVES 
In this experiment you will: 


Y Demonstrate the effect of meter loading 
¥ Learn a technique to determine the input impedance of a meter 


¥ Learn the frequency limitations of the DMM (or VOM) 


EQUIPMENT AND MATERIALS 
DC power supply 
Function generator 
Oscilloscope 
Circuit protoboard 
VOM and DMM (Also the meters’ specifications) 
Resistors: 10 kQ [2], 1 MQ 
Potentionmeter: 2-MQ. or 5-MQ ten-tum trimpot 
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Figure 4.1 


14 


Ry 


EXPERIMENT 4 


| SECTION I FUNCTIONAL EXPERIMENT 


DMM 


Input Impedance 
Determine the input impedance from you meters’ specification for two 
voltage scales (ranges). Record below. 


Scale: Zin 
Scale: Zin 
Adjust the DC supply voltage to equal the first voltage scale of step 1. 


Connect the circuit of Figure 4.1. Do not readjust the power supply value 
set in step 2. While measuring the voltage across Ri, adjust the potenti- 
ometer until the meter displays one-half of the initial voltage set in step 
2. Since this is a series circuit and each impedance-potentiometer and me- 
ter has one-half the total supply voltage, their impedances are equal. 


Turn off the power supply and remove the potentiometer. 


Measure the resistance of the potentiometer. Compare this measurement to 
the rated Zin of step 1 and record below. 


Zin (meter) = 
Repeat steps 3, 4, and 5 for each of the voltage ranges of step 1. 
Effects of Input Impedance 


In this part of the experiment, you will observe the effect of meter loading. It will 
: be necessary to measure the resistance of R2 in Figure 4.2. 


Using an ohmmeter, measure the resistance values of the 1-MQ resis- 
tor. Measure and adjust your potentiometer to the same value. 


Construct the circuit in Figure 4.2. Adjust the DC supply to provide 10 V, 
and record the supply value. Measure and record the voltage across R2 
using your DMM. 


Voc = 


Vr2 (measured) = 


DMM 
10V 1MQ 


Figure 4.2 


3. Repeat the measurement of step 2 using a VOM, if available. Record your 
meter reading below. 


VR2(measured) = 

4. The expected voltage reading across R2 is one-half the DC supply voltage. 
Calculate and record the expected meter reading. 
Vr? (expected) = 


Calculate the error in the actual voltage reading using the formula 
below. 


o% Error = Venenied - Tesora 


Record the % Error for the readings of Procedure steps 2 and 3. 


step 2 %Error = 
step 4 % Error = - 
1 
These errors, while they include meter accuracy, are due to loading of the Vout 
circuit by the voltmeter. 10kQ 
Voltmeter Frequency Limitations vA R2 

1. Construct the circuit of Figure 4.3. Using your oscilloscope, set the func- 10kQ 

tion generator to provide a sinewave signal of 3 vp-p at 1 kHz. 
2. Using your oscilloscope, measure and record the voltage across Ro. . =. 

Vro = (p-p) Figure 4.3 


Calculate the RMS value of the R, value recorded above. 
Vr2 = (RMS) 


Use your DMM to measure and record the voltage across R2. 


Vr2 (DMM) = 
3. Increase the input frequency to 20 kHz. Repeat the measurements of 
steps 1 and 2. 
Vro=__ (DP) 
Vr2 = (RMS) 
VR2 (DMM) = 


You should have found that at the higher frequency, your DMM measured a 
lower value than it did at 1 kHz. This is due to frequency response characteristics: 
of the DMM. : 
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_ DISCUSSION 


Describe the effect the meters had on the voltage measurements in the 
Procedure for Effects of Input Impedance. Was there a difference when 
using the DMM versus the VOM? 


Explain why it is important that you understand circuit loading by your 
measurement equipment. 


Given an oscilloscope with a bandwidth of 20 MHz and your DMM, dis- 
cuss which one you would use in making measurements of a circuit oper- 
ating at 50 kHz. Also, why would you select the one you did? 


- Quick Check 


To obtain an accurate measurement, the ohmmeter must have an input im- 
pedance of at least 10 times greater than that of the component being 
measured. 


True False 

It is okay to use an ohmmeter in a circuit where power is applied. 
True False 

Voltage is always measured across the component. 


True False 


An oscilloscope is used only to observe waveforms. 


True False 


THE PN JUNCTION 
DIODE 


INTRODUCTION 


The PN junction diode in the simplest sense is a device that will conduct current : 
in one direction and block current in the opposite direction. When forward biased | 
to overcome the internal barrier potential, the diode will conduct. Since its for- | 
ward-biased resistance is low, current must be limited by external resistance of ‘ 
the circuit. When the diode is reverse biased, the diode current is very small, : 
typically in the nano amp range, thus approximating an open circuit. 

In this experiment, you will perform measurements to let you see the char- : 
acteristics of the PN junction diode. Also, from your measured data, you will | 
plot a typical diode characteristic curve. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 2, Sections 2.6 and ; 
2.1 


OBJECTIVES 
In this experiment you will: 


Y Determine forward and reverse resistance of the diode 


v Measure the forward voltage and current of a diode and plot the result 


EQUIPMENT AND MATERIALS 


DC power supply © 

Digital multimeter [2] 

Circuit protoboard 

Small-signal diode, 1N914 or similar 
Resistors: 220 Q, 220 kQ 
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= Forward Bias 
(a) Low Resistance 


Reverse Bias 
(b) High Resistance 


Figure 5.1 
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SECTIONI FUNCTIONAL EXPERIMENT 


: The first measurement of the diode is a simple resistance test that will give you 
: an idea of the diode forward and reverse resistances. This test is also a good quick 
: to verify a good (or failed) diode. Set your DMM to ohms and the 1-kQ range. 
: If your meter has a diode test range use that range. 


CAUTION % 


When making resistance checks of a diode, do not use low meter ranges. 
Some ohmmeters can supply sufficient voltage with minimum resistance to 
damage a low-current diode. 


: 1. Connect the diode to the ohmmeter as shown in Figure 5.la. Record the 


resistance reading. 
RrF= 


2. Reverse the ohmmeter leads connection to that of Figure 5.1b. In the 


reverse bias connection you may want to increase your ohmmeter range 
setting. Record the reverse bias resistance reading. 


Rr= 


: In the next procedure steps you will be measuring the forward-bias charac- 
: teristics of the diode. To make this measurement you will adjust the source to 
: obtain the required current reading of Table 5.1, and at each current value step 
: you will measure and record the diode forward voltage drop. 


3. Construct the circuit of Figure 5.2. Starting with the power supply set to 


zero volts, slowly increase the DC voltage to obtain the required current 
values of Table 5.1. At each current value, record the forward voltage 
(Vp) drop of the diode. 


: 4. When all forward bias data points are completed, set the DC supply to 


zero Volts. 


: In the next procedure steps, you will be measuring the reverse bias values for the 
: diode. Since reverse current is too low to read directly on your ammeter, your 
: values will be derived by the IR drop across a 220-kQ resistor. 


| Figure 5.2 Table 5.1 


Construct the circuit of Figure 5.3. Starting with the power supply set to 
zero volts, slowly increase the supply while reading the diode reverse 
voltage. At each diode reverse voltage step of Table 5.2, measure the 
voltage drop across Rs (220 kQ) and calculate the current to record in 
Table 5.2. 


When data measurements for Table 5.2 are complete, tum off the DC 
supply. 


Table 5.2 | 

Plot the data of Tables 5.1 and 5.2 in Graph 5.1. Your plot 
should resemble that of your text Figure 2.19. 
Calculate the diode dynamic forward-bias resis- lp (mA) 
tance using the formula below and your data 30 
of Table 5.1. Use the data points * of Ip of 25 
10.0 mA and 20.0 mA from your table. Re- 20 
cord your calculated forward resistance. 

15 
eae 10 
Calculate the diode reverse-biased resistance, 5 


using the formula below and your data from 20 15 #10 5 


Table 5.2. Use the * data points of 5.0 Vand ~* 
10.0 V. Record your calculated value. 


Rp= 


Graph 5.1 
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20 EXPERIMENT 5 


_ DISCUSSION 


: 1. Describe how to determine the anode and cathode of a diode by using the 


diode test of the DMM. Assume that the diode has no markings. 


| 2. When forward-biased, at what diode voltage did you notice the diode 


begin to conduct? 


3. Did you observe any conduction while the diode was in the reverse-biasd 


mode? 


4. Fora forward-biased diode, describe how the current is able to increase 


while the voltage across the diode remains nearly constant. 


: Quick Check 


, 1. The typical reverse/forward resistance ratio of a silicon diode is 1000:1. 


True False 


2. The diode has high resistance in the forward-biased mode. 


True False 


3. One characteristic of a silicon diode is that as the current increases, the 


resistance decreases. 


True False 


: 4. A diode in reverse bias will conduct only at low current levels. 


True False 


RECTIFIER FORMS 


INTRODUCTION 


The purpose of a rectifier circuit is to convert AC power line voltage to DC. 
Essentially every piece of electronic equipment that operates on AC line power — 3 
must use a rectifier circuit. 
You will work with three different types of rectifier power supply circuits in ; 
this experiment: the half-wave rectifier, the full-wave, and full-wave bridge rec- | 
tifier. You will contrast the advantages and disadvantages of each rectifieras you : 
observe their differences. 
In the troubleshooting section, you will observe the effects on the output : 
voltage and ripple frequency of the bridge rectifier if a diode opens, if the sec- 
ondary opens, or if half of the secondary shorts. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 3, Section 3.2 


OBJECTIVES 
When you complete this experiment, you will: 


Y Understand the operation of half-wave, full-wave, and full-wave bridge 
rectifiers 


Y Be able to contrast the differences in each rectifier circuit 


Y Be able to relate the measured values of a failed circuit to the circuit 
fault 


Materials Note 
EQUIPMENT AND MATERIALS 


If only a 115:12.6 V trans- 
former is available, the fol- 
lowing additional items are 
required for safe connec- 


115:12.6 V center-tapped transformer, equipped with AC power cord, 
fused primary, and power switch (see Materials Note) 


tion of the transformer: 


Circuit protoboard 

Pe ener AC power line cord 
Oscilloscope ini il 
Circuit protoboard ip ree older 
Rectifier diode [4], 1N4001 or similar ; € 


SPST toggle switch 


Resistor, 1 kQ (1/2 W) 3 ea. wire nuts 
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BE CAREFUL! Ww _ SECTIONI FUNCTIONAL EXPERIMENT 


There will be 120 VAC on 


If your transformer is equipped with an AC line cord, fuse, and switch, begin this 


the primary side ofthe trans- | | procedure from step 2. 


former. This is sufficient | : 
voltage to be a hazard. iy 
USE CAUTION! — 


Fuse 
Holder 


Figure 6.1 
2. 
1N4001 
3. 
D, 
Ri 
1kQ 4, 
Figure 6.2 
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Assemble the power line cord, fuse holder, and transformer as follows 
(refer to Figure 6.1): 


A. Install the in-line fuse holder in series with one 
of the two leads on the line cord. Install the 
glass fuse in the fuse holder. 


B. Install the toggle switch in series with the other 
line cord lead. Solder the switch in place. 


C. Install the line cord to the transformer primary. 

Twist the wires together in a clockwise direc- 
Protoboard tion for these connections. This will allow the 
wire nut to tighten the connection. 


Note: It is a good idea to place the two secondary and center-tap 
transformer leads in the protoboard as shown. The connections can 
then be made as needed and the center tap will not be loose to cause 
trouble. 


Half-Wave Rectifier 
Build the rectifier circuit of Figure 6.2. Apply AC power. 


Use your digital voltmeter to measure the transformer secondary Vims 
and DC output of the rectifier circuit. Record the data in the Half- 
Wave column of Table 6.1. 


Use your oscilloscope to measure the transformer secondary voltage and 
the peak rectifier output voltage. Record the data in the Half-Wave col- 
umn of Table 6.1 

Connect your oscillo-|_| | 
scope to the rectifier HH 
circuit output. an 
Sketch the output 
waveform on the 
scale provided in 
Graph 6.1. Deter- 
mine the frequency 
of the output wave- 
form and record this 
value in the Half 
Wave column of Ta- 


ble 6.1. Graph 6.1 


Full-Wave Rectifier 
6. Build the rectifier circuit of Figure 6.3. Apply AC power. 


dD 
7. Use your digital voltmeter to measure the transformer secondary Vrms 
and DC output of the rectifier circuit. Record the data in the Full- 
Wave column of Table 6.1. z 


8. Use your oscilloscope to measure the transformer secondary voltage 
and 
the peak rectifier output voltage. Record the data in the Full-Wave 
column of Table 6.1 


9. Connect your oscilloscope to the rectifier circuit output. 
Sketch the output waveform on the scale in Graph 6.2. 


Determine the frequency of the output waveform and BERE tees a 
record this value in the Full-Wave column of Table 6.1. He +H 
SRR Eee 
PEE 

Bridge Rectifier 
10. Build the circuit of Figure 6.4. Following construction, Geme asenee 
take a minute and check your Circuit to ensure that the SSR RBee ee 
diodes are installed correctly. TE EeEeee re 
, SEEEEEEEEE 
11. Apply AC leas Measure and record in Table 6.1 the re- ae ee ee 
quired circuit Pt Tey yt 
values. a 


12. With your oscilloscope connected to the rectifier circuit 
output, observe and sketch the output waveform on the 


scale in Graph 6.3. Measure the frequency of the out- eee 
put waveform and record the value in Table 6.1. pt 
ann 
Vt i 
D2 ann 
BRE 
Ree 
ef | 
cigars 
Ru tome 
1ka eRe 
aun 
aan 
aan 
Figure 6.4 


[—Fawae [Fares [ Brae 
Vooowov S| 
a 


Vout(DC) 
Ripple Frequency 


Table 6.1 


Graph 6.3 


RECTIFIER FORMS 23 


Reminder 


User the voltmeter to meas- 


ure DC Vout and the oscillo- 
scope to measrue the AC 
output waveform. 


: SECTION II 


Graph 6.6 
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Bal 
Boe 


TROUBLESHOOTING 


Fault I - D, open 


For the circuit of Figure 6.4 with diode D open, calculate 
the DC Vou 
and the ripple frequency. 


DC Vout = Ripple freq. = 


Lift one end of Dj of the circuit of Figure 6.4. Apply AC 
power; then measure and record the values below. 


DC Vout = Ripple freq. = 


Fault 2 - Transformer secondary open 


Turn off the AC power, reconnect diode Dj, and calculate 
the values of DC Vou and ripple frequency if the trans- 
former secondary were open. 

DC Vout = Ripple freq. = 


Disconnect one lead of the transformer secondary. Apply 
AC power. Measure and record the following values: 
DC Vout = Ripple freq. = 


Draw the output waveform as Graph 6.4. 


Fault 3 - Half the transformer secondary shorted 


— 


Turn off the AC power. Calculate the values of DC Vou 
and ripple frequency if half the transformer secondary 
were shorted. 
DC Vout = Ripple freq. = 
Draw the output waveform as Graph 6.5. 


You can simulate half the secondary shorting by removing 
one secondary lead and replacing it with the center tap. 
Make the connection changes and apply AC power. 


Measure and record the values of DC Vout and ripple fre- 
quency. 
DC Vout = Ripple freq. = 


Draw the output waveform as Graph 6.6. 


DISCUSSION 


Section I 


1. 


All three rectifier circuits had the full transformer secondary connected, 
yet the DC output of the bridge rectifier was larger than the others (Refer 
to your data of Table 6.1). Briefly, for each rectifier circuit explain why 
you obtained the DC output voltage values measured. 


Refer to your data of Table 6.1 and the output waveform drawings made: 
for all three rectifier circuits. Two of the rectifier circuits had a higher rip- 
ple frequency. Discuss the rectifier circuits, describing why the ripple fre-_ 
quency differences. 


The bridge rectifier circuit is considered to be the most efficient of the 
three rectifier forms. It also has another advantage over the other two 
rectifier circuits. Can you identify this advantage? Hint: Look at Figure 
6.5. 


Section II 


Fault I - Diode opens 


i; 


Referring to your fault measurements in Step 2, you should have found a 
low DC Vou and a lower than expected ripple frequency. Explain how 
the oscilloscope helps you diagnose this problem easier than the DVM. 


Fault 2 - Transformer secondary open 


1. 


Fault 2 causes the Vout to disappear completely. One of the most obvious 
causes for this is an open secondary winding. The fastest way to trou- 
bleshoot this problem would be to measure the secondary voltage with a 
DVM or an oscilloscope. 


How would you verify that the secondary is open as opposed to a primary 
failure or the rectifier circuit shorting the secondary? 


Fault 3 - Half the transformer secondary shorted 


1. 


You should have found that Vout measured about half of the expected 
Vout. Notice that using a DVM would not show you that the Vout wave- 
form is still full wave. Using the oscilloscope quite often speed up 
troubleshooting by allowing the waveform to be observed. You will use 
the oscilloscope much more often as you progress in electronics for this 
reason. Why do you think you would not always use the oscilloscope to 
troubleshoot? 
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: Quick Check 


How many diodes does the bridge rectifier use ? 


When a diode of the half wave rectifier is biased off, the current through 
the load is amps. 


The fuse is usually located in the side of the transformer. 
The output frequency of the half wave rectifier is : 


) eu Hz (b) 60 Hz 
Cc 


In a bridge rectifier is there one or two diodes conducting at one time ? 


CAPACITIVE INPUT 
FILTERS 


INTRODUCTION 


The capacitive filter is used to smooth out the pulsating DC voltage of the recti- | 
fier circuit. The capacitor changes to the AC peak value, thus providing an output | 
larger than the average value. This gives a DC output voltage of a much higher | 
value than the unfiltered output voltage. 

In Section I of this experiment, you will observe the effects on your bridge : 
rectifier output voltage when you add an output filter capacitor. You will then ; 
add a series resistance and a second capacitor to improve the output ripple volt- 
age even further. You will also explore how different size load resistors Affect : 
the ripple output voltage. In Section II you will observe the effect of an open | 
diode and open filter capacitor on the supply ripple voltage. Learning to recog- : 
nize the effects of these common faults will make troubleshooting power sup- 
plies much simpler and faster. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 3, Section 3.3 


OBJECTIVES 
In this experiment you will: 


Y Learn the effects of capacitive filters on the output voltage of rectifier 
circuits 


Y Understand the effects of the load resistance on the capacitive filter 


¥ Recognize common problems with capacitive filtered power supplies 


EQUIPMENT AND MATERIALS 


The bridge rectifier circuit of Experiment 6 
Oscilloscope 

Digital multimeter 

470 pF capacitor [2] 

Resistors: 200 Q (2 watt), 470 Q (1/2 watt), 33 kQ 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 7.1, omitting C; at this 
Ds time. 
x 2. From Table 6.1 or your calculation, determine the 
i Ci Rt average DC output of the bridge rectifier. 
4 
es roy 33k2 DC Vyg= 
2 = 3. Apply AC power to your circuit. Using your DC 
: voltmeter, measure the output voltage across the 
Figure 7.1 load resistor (RL). 
| Measured DC Vavg = 


4. Using your oscilloscope to observe the output voltage, sketch the wave- 
i form on the scale provided in Graph 7.1. Also note the peak output volt- 
age value. 


Vp = 


5. Tum off the rectifier power and install C1, a 470 uF capacitor connected in 
parallel with the load resistor. Ensure that the negative side of the capaci- 
tor is at ground or the most negative part of the circuit. 


6. Tum on the rectifier and measure the output voltage with your DC voltme- 

: ter. With your oscilloscope coupling set to DC, observe the supply out- 
put. You should find a DC level that is essentially a horizontal straight 
line. 


Vout = 


: 7. Now switch the oscilloscope coupling to AC and adjust the vertical range 

i selector until the ripple is at least 1 division in height. Measure and re- 
cord the peak-peak ripple voltage (Vip). Sketch this waveform on the 
scale provided in Graph 7.2. 


Graph 7.2 
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10. 


11. 


12. 


13. 


14. 


Viip = 

Calculate the capacitor charge and discharge time constant 
for your circuit. Use 2 Q for the diode resistance (TC = 
RC). 

Charge TC = 

Discharge TC = 


Tum off the AC power and exchange the 33-kQ load resis- 
tor for the 200-Q resistor. 


Measure and record both the DC Vout and peak-peak ripple 
voltage, and draw the ripple voltage waveform in Graph 
7.3. 


Graph 7.3 


DC Vout = Vrip = 

Calculate the time constant for charge and discharge again. 
Charge TC = Discharge TC = 

Build the circuit of Figure 7.2. 


Figure 7.2 Graph 7.4 
Apply AC power. Measure the DC output voltage with your voltmeter, 
and use the oscilloscope to measure the peak-peak ripple voltage. Sketch 
the output voltage waveform in Graph 7.4. 


DC Vout = Viip = 


Tum off the AC power and remove the 33-kQ. Ry and the 470-uF capacitor! 
C2. Notice that the peak-peak ripple voltage increases slightly. While it 
appears that the addition of C2 did not have much effect, if you look 
closely, you will see that as a percentage it helped quite a bit. 


SECTION II TROUBLESHOOTING 


Fault 1 - Diode open 


1. 


With the circuit of Figure 7.1, disconnect one leg of D1. 
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Graph 7.5 
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Tum on the rectifier. Measure and record DC Vout and Vrip, and draw the 
output waveform voltage in Graph 7.5. You should see an increase in the 
ripple. 


DC Vout = Viip = 
Contrast this reading with the reading taken in Procedure Step 4. 


Fault 2 - Filter capacitor open 


: 1. With AC power off, reconnect diode Dj). Disconnect one 
end of capacitor C). 
2. Apply AC power. Measure and record DC Vou and Vrip, 
and sketch the output waveform in Graph 7.6. 

DC Vout = Vrip = 

Graph 7.6 

| DISCUSSION 
Section I 
1. You should have found that the average DC voltage decreased while the 
ripple increased as the load resistor got smaller in value. Why do you 
think the output voltage dropped as the load resistance decreased? 
2. Explain in your own words why the shorter time constant for charge and 


the longer time constant for discharge provided this increased output volt- 
age magnitude. 


Section ITI 


Fault I - Bridge rectifier diode open 


Most power supply problems show up indirectly in other parts of an 
electronic circuit. An audio amplifier, for example, may be found to 
be operating improperly because of a low power supply voltage. 
When you check Vcc with your DVM you find that the voltage is 


reading below normal. At this point you would suspect the power 
supply and troubleshoot accordingly. 


You also found that the load resistance can effect the power supply 


Vout. Can you think of a way to determine if the power supply or 
the load is the problem? 


Fault 2 - Filter capacitor open 


You found that when the filter capacitor opens, the Vout as measured 
on the DVM goes down. What does the oscilloscope waveform tell 
you about the condition of the power supply that the DVM does not? 


Quick Check 


1. 


The filter capacitors charge slowly and discharge quickly. 
True False 


The output voltage, after being filtered, is called the voltage. 
True False 


A half-wave rectifier is easier to filter than a full-wave rectifier. 


True False 

The most-used filter today is a : 

(a) pi filter (b) capacitive input filter 
(c) coil and capacitor filter 
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ZENER REGULATION 
OF POWER SUPPLIES 


INTRODUCTION 


: The zener diode can act as a regulator for power supplies since its voltage drop 
: (Vz) is nearly constant for a wide range of zener current. This characteristic also 
: functions to reduce power supply ripple variations. 

In Section I of this experiment you will measure the current through the 
: zener and the output voltage for three different values of load resistors. You will 
i also measure ripple voltage and see that the zener improves Vou ripple as well. 
In Section II you will observe the effect on the zener regulated voltage if 
: either a rectifier diode or a filter capacitor fails open. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 3, Section 3.4 


, OBJECTIVES 
: In this experiment, you will: 
Y Better understand the zener as a voltage regulator 
Y Understand zener operation under different load conditions 


Y Be able to relate circuit measurements to fault conditions 


EQUIPMENT AND MATERIALS 


Bridge power supply of Experiment 7 

9.1 V zener diode, 1N5239B or equivalent 
Circuit protoboard 

Digital multimeter 

Oscilloscope 

Resistors: 330 Q, 470 Q, 560 Q, 1.2 kQ 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 8.1, leaving the zener diode 


Bridge 


out of the circuit. Rectifier R 
(Exp. 7) L 
2. Measure the output peak-to-peak ripple voltage using the 1.2kQ 
oscilloscope. 
Veip a J — —J 7 
Figure 8.1 


3. Tum off the power and add the zener diode. (Remember to reverse bias 
the zener diode). Insert your ammeter in series with the zener to monitor 
zener current. 


4. Tum on the power supply and measure the output peak-to-peak ripple 
voltage again. Also measure and record the zener current (Iz). 


Viip = Iz = 


5. With circuit power off, disconnect your zener current ammeter. Reapply 
AC power. Use your DC voltmeter and measure and record DC Vout. 


Vout = 


6. Turn off the power supply and replace the | .2-kQ load resistor (RL) with 
a 560-Q resistor. 


7. Tum on the power supply and measure the output peak-to-peak ripple, Iz , 
and DC Vout. i 


Vrip = Iz= Vout = 


8. Tum off the power supply and replace the 560 Q Ry with a 470 QO 
resistor. 


9. Tum on the power supply and measure output pk-pk ripple, Iz, and DC 


Vout. 

Vrip = IZ= Vout = 
SECTION IT TROUBLESHOOTING 
PROCEDURE 


Fault I - D, open 
With circuit power off, disconnect one leg of D in the circuit of 
Figure 8.1. Measure the peak-to-peak output ripple, Iz, and DC Vou. 
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Vout = 


Additionally, sketch the output waveform in Graph 
8.1, and note on your sketch the peak values. 


Fault 2 - C, open 
With circuit power off, reconnect diode D;. Discon- 
nect one leg of C; in the circuit of Figure 8. 1. Meas- 
ure the peak-to-peak output ripple, Iz, and DC Vou. 


Viip = Iz= : Vout = 


_ DISCUSSION 


Section I 


From your measured data, you should have found that with changing load 
resistors, DC Vou remained nearly constant and zener current was differ- 
ent for each value of Ry. Looking at the relationship of Iz value vs. Ri 
value, briefly discuss this relationship and the zener regulation. 


You should have found that the magnitude of ripple voltage was signifi- 
cantly less with the zener diode than without it. Discuss why this 
occurred. 


Section II 


Fault I - Diode Di open 


Of the measurements you made, at least one is a very strong indica- 
tor of a diode failure in the bridge rectifier. Identify the measure- 
ment(s) indicative of diode failure, and explain for each 
measurement you selected why it indicates a diode failure. 


Fault 2 - C; open 
: Refer to your output waveform sketch: 


(a) Can you verify that the zener diode is operating? Why do you 
believe this is so? 


(b) Is there any indication in the output waveform that suggests that the 
filter capacitor failed? Describe the indication in the waveform that 
supports your answer. 


Quick Check 


1. The zener diode is a current regulator. 


True False 
2. The zener diode must be biased to operate as a zener diode. 
(a) forward (b) reverse 


3. Ifthe zener were installed backwards in the power supply of Figure 8.1, 
what do you think the result would be? 


4. What is the total current through Rs in the circuit of Figure 8.1 when the 
load resistor is: 


(a) Ry = 1.2 kQ, Irs = 


(b) Ri = 470 Q, Irs = 
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VOLTAGE 
MULTIPLIERS 


INTRODUCTION 


: Voltage multipliers are an AC-to-DC voltage converter whose DC output is the 
: product of an integer (2, 3, or greater) and the peak AC input. They cannot, 
' however, supply a large load current. And the larger the multiplication, the 
: smaller the load current capability. They find application where a large DC volt- 
: age is required and the load current is small. 


In Section I you will build the voltage doubler and tripler circuits and evalu- 


ate these circuits. You will substitute a small Ri on the doubler to observe the 
: effects on the DC output. 


In Section II you will observe the effect of open capacitors in the doubler 


and tripler circuits. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 3, Section 3.5 


_ OBJECTIVES 


In this experiment you will: 
v Experimentally evaluate the operation of voltage multipliers 


Y Understand the relationship between the load and the voltage multiplier 


v Measure the effects of open capacitors on the operation of voltage 
multipliers 


_ EQUIPMENT AND MATERIALS 


Oscilloscope 

Circuit protoboard 

Digital multimeter 

Diode [3], 1N4001 

Capacitor [3], 470 LF (50 V) 
12.6 V center-tapped transformer 
Resistors: 500 Q, 100 kQ 


SECTION I FUNCTIONAL EXPERIMENT 


1. Build the doubler circuit of Figure 9.1. 


NOTE: You may use the line cord and transformer 
from Experiment 6. Also notice that you use one 
secondary and the center tap leads for this experi- 
ment. This gives an input AC of 6.3 Vpms. 


2. Apply power to the circuit. Measure and record the peak 
input voltage and peak-to-peak ripple voltage output of 
the voltage doubler with the oscilloscope. Use your DC 
voltmeter to measure the DC output. 


Figure 9.1 


Vin pk = Vrip = DC Vout = 


Notice that if Vin were unknown, the DC Vou reading would tell 
you what peak-to-peak value was connected to the input. This is 
why this circuit is also called a peak-to-peak detector. 


3. Tum off the power and replace the 100-kQ Ry, with a 500-Q Ri. Measure : 
the DC Vouand the peak-peak ripple voltage and record below. 


Ri = 500 Q 
DC Vout = Vrip = 


4. Build the tripler circuit of Figure 9.2. Measure the peak 
AC input, DC output and the pk-pk nipple output 
and record below. a 
Vin pk = Re 
100 kQ 
DC Vout = : 


rip — 


Figure 9.2 


5. With the circuit turned off, replace the 100-kQ Ry with the 500-Q Ry. Ap- 
ply AC power. Measure the DC output and peak-peak ripple voltage and 
record below. 


Ry = 500 Q 
DC Vout = Vrip = 
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| SECTION I TROUBLESHOOTING 


Fault I - C; open 
il. 


Starting with the circuit of Figure 9.2 using a 100-kQ load, ensure that the 
AC power is off. Disconnect one leg of capacitor C1. 


Apply AC power. Measure the DC output and the Vc2 and Vc;3 voltages. 
Record these values below. Using your oscilloscope, observe the circuit 
output. 


Vor=_ CV =_—(“(‘CCC*S‘CWVS 


Fault 2 - D; open 
EL, 


With circuit power off, reconnect capacitor C;. Disconnect one leg of 
diode Dj. 


Apply AC power. Measure DC output, Vc2 and Vc3 voltages. Record 
these values below. Using your oscilloscope, observe the circuit output. 


Vout = Vo= Vo3 


_ DISCUSSION 


Section I 


You should have discovered that the voltage multipliers were sensitive to 
increased load. Explain why you think these circuit’s DC output de- 
creased to a lower value when the Ri went down. 


With reference to the voltage doubler or tripler, what do you think would 
be the effect on the DC output if one or more capacitors in the multiplier 
circuit were leaky? 


Section II 


Fault 1 - C; open 


You should have found that if C; failed open, the circuit output 
dropped to that of a doubler. Explain why this should be. 


Fault 2 - D, open 


Briefly explain why you obtained the DC output you measured for 
this fault. Also indicate what other (if any) component failures 
could have produced the same result. 


Quick Check 


1. 


A voltage doubler is also called a(n) ; 


(a) rf detector (b) peak-to-peak detector 
(c) audio detector 


The major disadvantage of the voltage multiplier is that it : 


(a) uses expensive diodes (b) raises the Vout 
(c) lowers the available current (d) all the above 


With reference to the circuit of Figure 9.1, the PIV seen by diode D; is 


(a) Vin pk (b) 2 Vin pk 
(c) 3 Vin pk (d) 4 Vin pk 


Refer to the circuit of Figure 9.2. If AC Vin were 12.6 Vrms, the DC 
output would be ‘ 


(a) 25.2V (b) 35.6 V 
(c)37.8V (d) 53.5V 


Refer to the circuit of Figure 9.2. The maximum DC voltage of capacitor 
C3 is 


(a) 8.9V (b) 17.8 
(c)25.2V (d) 35.6 V 
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: REFERENCE 


10 


SIGNAL CLIPPERS 
AND CLAMPERS 


INTRODUCTION 


: Clippers are circuits that operate to limit (clip) a signal waveform at a given 
voltage. Clampers are circuits that change (clamp) the reference voltage level of 
- a signal waveform. In this experiment you will study series, shunt, and biased 
: clippers. You will also see how clamper circuits operate. 


In Section I you will build and make measurements on series, shunt, and 


| biased clipper circuits as well as aclamper circuit. In Section II you will examine 
_ the effects of several common defects on the operation of clippers and clampers. 


* 


Principles of Electronic Devices and Circuits - Chapter 3, Sections 3.6 and 
3.8 


_ OBJECTIVES 


In this experiment you will: 


Y Observe and draw the output voltage signals of clippers and clampers 
Y Lear how to clip a signal at a certain level using biased clippers 
Y Observe the effects on a signal voltage when clamped 


¥ Through measurement, learn the effect of typical clipper and clamper 
failures 


_ EQUIPMENT AND MATERIALS 


Circuit protoboard 

Dual-trace oscilloscope 

Function generator 

Small-signal diode [2], 1N914 or similar 
Resistors: 1 kQ, 4.7 kQ, 10 kQ, 2.2 MQ 
Capacitor, 4.7 LF 


SECTION I FUNCTIONAL EXPERIMENT 


D; 
Ri 
4.7kQ 
Figure 10.1 


Graph 10.1a Graph 10.1b 


— 


Build the circuit of Figure 10.1. Set your function generator to supply a 
1-kHz, 10-Vp-p input. 


N 


Connect your oscilloscope channel | to the circuit input, and channel 2 to 
the output. This will permit you to measure the signal voltage levels and 
observe the relationship of the output to input signal. 


Adjust the scope sweep timing to obtain about 2 cycles of the input 
waveform. Sketch the oscilloscope display on the scale in Graph 
10.1a. Note on the sketch the values of the positive and negative 
peak voltage. 


ad 


Switch the input signal off. Reverse the diode in the circuit. Apply the 
input signal and repeat the measurements of step 2. Use Graph 10.1b for 
this version of the oscilloscope display. 
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10. 


1kQ 
Ri 
Dy 10 kQ 
Figure 10.2 
Graph 10.2b 


Disconnect your circuit and build the circuit of Figure 10.2. Connect the 
function generator set to apply a 10-Vp», 1-kHz signal. 


Connect channel | of your oscilloscope to the circuit input, and channel 2 
to the circuit output. Adjust the scope sweep timing to obtain about 2 cy- 

cles of the input signal. Sketch the scope display on the scale provided as 
Graph 10.2a. Indicate on your sketch the positive and negative peak volt- 
age values. 


Tum off the input signal and reverse the diode connections in the circuit. 
Apply the input signal and repeat the measurements of step 5. Use Graph 
10.2b for this version of the oscilloscope display. 


Build the circuit of Figure 10.3. 


Connect a DC source of 5 V to the diode ( plus to the cathode of the diode, . 
minus to circuit ground). Connect the function generator set to provide a 
12-Vp», 1-kHz signal input. 


Connect your oscilloscope channel 1 to the circuit input, and channel 2 to 
the circuit output with DC coupling. Set the scope sweep timing to obtain 
a display of about 2 cycles of the input signal. Sketch the scope display 
on the scale in Graph 10.3a. Mark the positive and negative voltage val- 
ues on your sketch. 


Adjust the DC source for a value of 3 V, and repeat the measurements of 
step 9. Use Graph 10.3b for this sketch of the oscilloscope display. 


What effect did reducing the DC voltage level have on your output 
signal? 


1kQ 
D; Rt 
10 kQ 
+5 VDC 
L it 4d 
Figure 10.3 
Graph 10.3a 


Graph 10.3b 


11. Disconnect your circuit and build the clamper circuit of Figure 10.4. Ob- 
serve the capacitor polarity. Connect the function generator set to pro- 


vide a 10-Vp-p, 1-kHz signal. 


12. Connect channel 1 of your oscilloscope to the circuit input, and channel 2 
set to DC coupling to the circuit output. Sketch the scope display on the 
scale provided in Graph 10.4. Mark the signal positive and negative peak 


voltage values. 
Cy 
+ - 
Rt 
Dy 400 kQ 
Figure 10.4 


Graph 10.4 
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Graph 10.5 
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| Fault I - Rs open 
i 1. Build the circuit of Figure 10.2. Replace the 1-kQ resistor of Rs with a 


Fault 1 - Diode Di open 
: 1. Build the circuit of Figure 10.4. Disconnect one leg of Di. Connect 


Clipper Failures 


2.2-MQ resistor. Connect the function generator set to provide 
10 Vp-p at 1 kHz. 


2. Connect channel 1 of your oscilloscope to the circuit input, and channel 2 


to the output. Set the scope sweep timing to obtain about 2 cycles of in- 
put waveform. Sketch the scope display in Graph 10.5. Mark the positive 
and negative peak voltage values. 


| Fault 2 - Diode Di open 
: 1. With the function generator off, restore Rs to its 1-kQ value. Disconnect 


the ground (cathode) end of D;. Apply the signal input. 


2. Connect your oscilloscope and repeat the measurement steps of Fault 1. 


Use the scale in Graph 10.6. 
Clamper Failures 


your function generator set to apply an input of 12 Vp.p at 1 kHz. 


Graph 10.6 


| 2. Connect channel | of your oscilloscope to the circuit input and channel 2, 


set to DC coupling, to the circuit output. Set the sweep timing to obtain 
about 2 cycles of the input signal. Sketch the scope display on the scale 
in Graph 10.7. Mark the positive and negative peak voltage values. 


| Fault 2 -C; leaky 
1. With the function generator off, connect a 1-kQ resistor in parallel with 


C,. Apply an input signal of 12 Vp-p at 1 kHz. 


| 2. Connect your oscilloscope and make the circuit measurements of 


Clamper Fault 1, step 2, using the scale in Graph 10.8. 


Graph 10.7 


DISCUSSION 


Section I 


1. 


ta 


Considering the output waveform of the circuit of Figure 10.1, you should 
have found that the output is the same shape as that of the half-wave rec- 
tifier. Explain why you think we call this circuit a clipper instead of a rec- 
tifier. 


Compare the output waveform and signal levels of the series and shunt 
clipper. With the understanding that for the shunt clipper Rs and Ri do 
not have to be a 10:1 ratio, list the advantages and disadvantages for each 
circuit. 


In Figure 10.3 you saw that you could pick the amount of voltage you 
wished to clip. Why do you think we might wish to clip only the top of a 
waveform? 


Finally, in the circuit of Figure 10.4, you saw how to place the entire 
signal on a DC voltage level. These circuits are necessary in some elec~- 
tronic equipment, such as television sets, to force a signal to a certain DC 
voltage level for proper operation. What is another name for the clamper 
circuit? 


Section II 


Fault I - Rs open 


When Rs is open in the circuit of Figure 10.2, the output goes essen- 
tially to 0 V because there is no current flow in the circuit. During 
your troubleshooting procedures, how would you isolate the fault to 
Rs? 


Fault 2 - Di open 


When D; in Figure 10.2 opens, the output has the complete signal 
waveform. Briefly explain why you believe (or don’t believe) that 
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the output waveform is sufficient data to determine the diode fail- 
ure. 


| Fault 3 - D, open 
In the clamper of Figure 10.4, if the diode D; opens, the normal sig- 
nal voltage appears across Ru. Why does this occur? 


| Quick Check 


| 1. In our shunt clipper of Figure 10.2, what would happen to the Vou if Rs 
shorted? 


| 2. Clamping circuits are also called 


(a) DC restorers (b) DC inserters 
(c) baseline stabilizers (d) all the above 


| 3. The capacitor in a clamper circuit is in parallel with the voltage source. 
True False 


4. If you wish to make a negative shunt clipper out of a positive shunt clipper, 
what should you do? 
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Il 


BASIC BJT 
CHARACTERISTICS 


INTRODUCTION 


In a base biased transistor circuit, the quiescent collector current is determined ; 
by the base current and the beta of the transistor. Also, the base current may be : 
varied by changing the amount of the base-emitter bias voltage. i 

In Section I of this experiment, you will see how the current in a transistor : 
varied by changing the amount of forward bias of the base-emitter junction with : 
its corresponding change in base current. : 

In Section II you will explore two of the most common transistor failures: ; 
the C-E open and the C-E short. You will also lear to perform a quick measure- ; 
ment to determine the status of a transistor. i 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 4, Section 4.3 


OBJECTIVES 
In this experiment you will: 
Y Observe the effect of a changing base forward bias voltage on collector 
current 


Y Know how to recognize a shorted or open transistor using Vcr 
measurements 


¥ Learn how to make a quick check of transistor status using an 
ohmmeter 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

NPN transistor, 2N3904 or equivalent 
Resistors: 1 kQ [2] , 22 kQ, 36 kQ, 100 kQ 
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+5 V 


Figure 11.1 
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+15 V 


-SECTIONI FUNCTIONAL EXPERIMENT 


1. Build the circuit shown in Figure 11.1. 


Measure and record the following voltages. 

VBE = Vee = 
Measure and record the collector and base currents. 
Ic = Ip= 


Calculate the values of emitter current and beta ( 8); and then measure 
and record the value of Ig. 


Calculated: 
Ig = DC B= 
Measured: 
ke 
5. Replace the 36-kQ Re with a 22-kQ RB, measure the Vag and Io, and 
record these values below. Note: The value of VzeE will be small, in the 
range of 0.6 to 0.8 volt. Make and record as accurate a value as you can. 
— Rp=22kQ: 
| VBE = Ic = 
6. Replace the 22-kQ Re with a 100-kQ Rg; measure and record the Vie and 
Ic. 
Rg = 100 kQ: 
VBE = Ic = 
: SECTION II TROUBLESHOOTING 


: Fault 1 - Collector-emitter short 


L 


You will simulate a shorted collector-emitter transistor failure by placing 
a piece of wire from the collector to base and from the base to emitter. 


Apply power to the circuit and measure the C-E voltage. You should find 
this voltage very low. Remember: The voltage drop across a short is 
ideally zero volts. 


Vce= 


3. Remove the transistor and the shorting wires from the circuit and check 
the Vcr circuit point again. You should now find the voltage drop very 
close to the power supply level. (Remember: The voltage source will be 
dropped across an open circuit.) 


Vce= 


Testing a Transistor with an Ohmmeter 


Voltage checks are the easiest and less time-consuming tests for a technician to | 
make. The information gained from this type of testing plus the knowledge of : 
how the circuit and components operate is essential for successful troubleshoot- | 
ing. Once you have made the decision to change a transistor that is inoperative, . 
it is good to make a quick check with an ohmmeter to verify that the transistor : 
is bad. 
The following is a quick check procedure to determine the condition of a : 


transistor. 
CAUTION % 


Do not use the very low (R X 1 or R x 10) range of your ohmmeter for testing 
transistors. On some ohmmeters, these ranges can cause a large current that 
will damage a diode or transistor. If your ohmmeter has a range identified for 
diode tests, use that range. 


1. Refer to Figure 11.2a, For an NPN transistor connect 
the positive lead of your ohmmeter to the base, and 
the negative lead to the collector. A good transistor 
will show a low resistance reading. 


2. Refer to Figure 11.2b. Leaving the positive lead on the 
base, place the negative lead on the emitter. This 
should also show a low resistance reading for a good (a) (b) 
transistor. 


3. Refer to Figure 11.2c. Next place the negative lead on 
the base and the positive lead on the collector. This 
should show an extremely high resistance reading 
on the ohmmeter for a good transistor. 


4. Leaving the negative lead on the base, place the posi- 
tive lead on the emitter. This should also show a 
very large resistance reading for a good transistor. 


(c) (d) 


Figure 11.2 


The forward to reverse resistance ratio for a good transistor should 
be 1000:1. 


To check a PNP transistor, simply reverse the above process. 
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_ DISCUSSION 


Section I 


You found in Section I that beta is an expression of a BJT current relation- 
ship. State in your own words the beta relationship. 


You also found that the amount of forward bias voltage between the base 
and emitter controls the amount of collector current flow in the transistor. 
What use do you think this control of a transistor by the base voltage 
may be? 


In step 4 of the experiment, you calculated the beta of the transistor used 
in the experiment. Using the beta box model for the circuit of Figure 
11.1, predict the value of collector current for a transistor with beta 50% 
larger than your calculated value. 


Based on your measured and predicted collector current values, 
comment on the ability to know the value of collector current in a 
base biased circuit. 


Section II 


You found that a transistor that was shorted from collector to emitter has a 
very small voltage drop across it. How can this knowledge be useful to a 
technician as a troubleshooting aid? 


You discovered that when a transistor is open from collector to emitter, 
Vce would read a very high voltage. Can you think of a way this knowl- 
edge would be helpful to a technician during troubleshooting? 


Quick Check 
AL 


A transistor will operate correctly even without any base current flow. 


True False 


The Vce of a shorted transistor will be ; 


(a) very high (b) very low 
(c) normal 


A varying forward bias voltage between the base and emitter of a transistor 
will not affect the collector current. 


True False 


12 


BETA EFFECTS 
IN THE BJT 


INTRODUCTION 


Base biasing, although the simplest of transistor biasing forms, provides the least : 
stable quiescent operating point. This experiment introduces transistor biasing . 
and allows you to observe variations in the "Q" point for different transistors and : 
two circuit forms of base biasing. 

In the troubleshooting section you will make measurements to identify and : 
enable you to leam the effects of failure of the base biasing resistor and circuit | 
power supply. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 4, Sections 4.4 
and 4.5 
OBJECTIVES 
In this experiment you will: 
Y Learn how to use a single biasing supply 


Y Verify experimentally the inherent instability of base biasing 


¥ Learn how to relate measured circuit values to specific circuit faults 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

NPN transistor [3], 2N3904 or equivalent 

Resistors: 1 kQ, 1.2 kQ, 2.2 kQ, 510 kQ, 680 kQ, 4.7 MQ 
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NOTE 


Mark or identify each tran- 


| SECTION I FUNCTIONAL EXPERIMENT 
sistor as A,B, orC sothatthe | : 
transistor effect on each cir- 


cuit can be compared. 


: The resistor values of the circuits in Figures 12.1 and 12.2 are selected to provide 
: @ quiescent collector current near midpoint with an assumed transistor beta of 
: 150. In this experiment, you will try three different transistors and measure the 
: quiescent circuit values in the circuit of Figure 12.1. 

Then you will use the same three transistors in a modified circuit (Figure 
: 12.2) to permit comparison of the individual transistor beta effect on the two 


Vec =20V : circuits. 
1. Using transistor A, build the circuit in Figure 12.1. Measure and record 
the following circuit values: 
As s Les Vee = Vre = 
Re i - = 
680k 2 ve Ie= Vee = 
: 2. Tum off the circuit power. Remove transistor A and insert transistor B. 
B=150 Reapply circuit power. Make and record the following measurements: 
; VpE = VrB= 
= ; Ic = Vcr = 
Figure 12.1 | 3. Tum off the circuit power. Remove transistor B and insert transistor C. 
; Reapply circuit power. Make and record the following measurements: 
Vee = VrB = 
Vec =20V Ic = Vcr = 
, 4. Disconnect your circuit, and connect the circuit in Figure 12.2, using 
transistor A. Reapply circuit power; then measure and record the follow- 
Re ing circuit values: 
1.2kQ | 
Re VpeE = VrB = 
510k 2 
Ic = Vee = 
5. Tum off the circuit power. Remove transistor A and install transistor B. 
Reapply circuit power; then measure and record the following circuit 
Re values: 
1kQ 2 Var = Vine 
ae ; Ic = Vcr = 
Figure 122 6. Tum off the circuit power. Remove transistor B and install transistor C. 
Reapply circuit power, measure and record the following circuit values: 
VBE = Vrs = 
Ic= Vee = 
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SECTION II TROUBLESHOOTING 


Fault I - Rg open 


Build the circuit in Figure 12.1. Simulate an open Rp by replacing the 
680 kQ resistor with a 4.7 MQ resistor. Apply circuit power. Measure 
the collector current and Vce. Contrast this with your measurement of 
Section I, step 1. 


Fault 2 - DC supply failure 
Here you will simulate the DC power supply voltage falling from 20 V to 
15 V. Adjust your power supply for 15 V and again measure collector 


current and Vcr. Contrast this measurement with the measurement of 
Section I, step 1. 


DISCUSSION 


Section I 


1. In your measurements of the two circuits (Figures 12.1 and 12.2), you 
should have found that one circuit showed less variation in collector cur- 
rent and collector-emitter voltage for the three different transistors used. 
Which circuit seemed to have the more consistent quiescent operating 
point, and why would you expect it to be so? 


2. As you know from your text and this experiment, you cannot depend ona | 
base-biased transistor to have a stable quiescent operating point. This 
means that this bias form is not useful in an amplifier circuit. Can you 
think of a circuit application where a base-biased transistor would be use- | 
ful? Why? 


3. You should have found in Procedure steps 1, 2, and 3 that each transistor 
most likely resulted in a different value of collector current. Why do you 
think this was the case? 


Section IT 


1. In Fault 1 you found that there is no collector current flow if Rg becomes 
open. Why is this true? 


2. In Fault 2 you found that collector current was greatly reduced for a 
reduced Vcc. Ohm’s law tells us that if the voltage is reduced, the cur- 
rent also is reduced. Thinking back to the chapter on power supplies, 
what problem can you think of that could cause the DC voltage to fall in 
value? 


BETA EFFECTS IN THE BJT 


53 


54 EXPERIMENT 12 


: Quick Check 


id. 


Base biasing is one of the most stable biasing arrangements. 


True False 


Base biasing does not make beta independent in amplifier circuits. 
True False 


Why do our circuit calculations differ from our actual measurements? 


(a) Resistor tolerances (b) Different transistor betas. 
(c) All of the above (d) None of the above 


Is 


EMITTER BIAS OF THE 
BJT 


INTRODUCTION 


In Experiment 12 you found that base bias could not provide stable collector : 
current or voltage for transistors having different values of beta. In this experi- : 
ment you will explore emitter bias. Emitter bias makes the circuit much more : 
independent of beta, thereby stabilizing changes in collector current and voltage : 
better than the base bias circuit. Although emitter bias provides an improvement 
in circuit stability, it has the disadvantage of requiring two power supplies to | 
operate. ; 

In the troubleshooting section you will examine the effect on your circuit if | 
Rg opens, Rc opens, or the transistor shorts. i 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 4, Section 4.6 


OBJECTIVES 
In this experiment you will: 


¥ Learn to construct an emitter bias circuit and perform measurements of 
that circuit 


Y Understand how emitter bias improves circuit quiescent stability 


v Learn how to relate the effects of common emitter biased circuit 
failures with measured circuit values 


EQUIPMENT AND MATERIALS 


Dual DC power supply 

Circuit protoboard 

Digital multimeter 

NPN transistors [3], 2N3904 or equivalent 
Resistors: 470 Q, 1 kQ [2] 
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2 SECTION I FUNCTIONAL EXPERIMENT 


1. Using the first transistor, construct the circuit in Figure 13.1. Check your 
circuit to be sure that your connections are correct. Apply circuit power; 
then measure and record the following circuit values: 


Vp = Vce= Vce = 


: 2. Tum off the circuit power. Remove the transistor and replace it with 
transistor #2. Reapply circuit power. Measure and record the following 


circuit values: 
Ic= VRE = VE= 
VB = Ve= Vce= 


; 3. Tum off the circuit power. Remove transistor #2 and replace it with 
transistor #3. Reapply circuit power. Measure and record the following 


circuit values: 
Figure 13.1 
Ic = VRE = VE= 
VB= Vce= Vcr = 
: 4. Using the largest and smallest values of collector current measured for your 
ng circuit, calculate the mean value of collector current using the formula 
; below. 
Step 4 completes the measure- | 
ment portion of the experiment. Ic(mean) = Vic(max) x Ic (min) 
If you are proceeding to the | 
troubleshooting portion of the | Ic(mean) = 
experiment, leave your circuit | 
connected. 


; 5. Using the beta box model with an assumed beta of 173, calculate the 
following values for the circuit in Figure 13.1. 


Ic = VE = 
Ve = VcE = 
_ SECTION I TROUBLESHOOTING 


| Fault 1 - Rg open 
Ensure that circuit power is off. Replace the 1-kO Rg with a 2.2-MQ 
resistor. Turn on circuit power. Measure and record the following circuit 


values: 
Va= Vc= VrE= 
Vcr = Ic= 
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Fault 2 - Rc open 
Turn off the circuit power. Replace Rg with a 1-kQ resistor. Exchange the 
470-Q Rc with a 2.2-MQ resistor. Reapply circuit power. Measure and 
record the following circuit values. 


Vce = Ic= 


Fault 3 - Transistor shorted 
Tum off the circuit power. Replace Rc with a 470-Q resistor. Place 
shorting wires from the collector to emitter and base to emitter of the 
transistor. Reapply circuit power. Measure and record the following cir- 


cuit values. 
VB= Vce= VRE = 
Vcr = Ic= 

DISCUSSION 

Section I 


1. Your measurements for the emitter biased circuit should have shown that 
the base voltage is almost 0 volts. Explain how it possible to forward 
bias the emitter-base diode with 0 volts on the base. 


2. Considering the values of measured and calculated collector current, do 
you feel that emitter bias provides a relatively stable quiescent operating 
point? Explain your answer using the measured data (steps 1, 2, and 3), 
mean collector current (step 4) and calculated collector current (step 5). 


Section II 


Fault I - Rs open H 
You should have found, with Rp open, that the base voltage dropped com- | 
pletely to zero and there was no base current. Since base voltage in this 
circuit form is small (about 0.09 V), can you suggest a better voltage test 
that would indicate the transistor circuit operation? 


Fault 2 - Rc open : 
According to your measured data, what is the most obvious indication that 
Rc is open in this circuit form? i 


Fault 3 - Transistor shorted 
In Fault 3 the shorted transistor is indicated by a Vce voltage of 0 volts. 
What other condition in a transistor circuit could give almost this same 
indication and yet not have a failure? 
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3 Quick Check 


oe 


The emitter bias transistor circuit should provide better stability than the 
base biased circuit. 


True False 


The base voltage of the emitter bias is typically close to . 


(a)5 V (b) 3.5V 
(c)OV (d) 0.7V 


The fact that the emitter bias circuit requires two power supplies is con- 
sidered 


(a) an advantage (b) a disadvantage 
(c) no problem 


The saturated value of Ic for the circuit in Figure 13.1 is F 


(a) 9.3mA (b) 15.1 mA 
(c) 21.3 mA (d) 36.2 mA 
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COLLECTOR 
FEEDBACK BIAS 


INTRODUCTION 


Collector feedback bias is an older form of bias originally designed to provide a : 
simple circuit independent of variations in beta. In this experiment you will cal-_: 
culate and measure the DC values and then introduce beta changes to observe ; 
the effect on circuit stability. 
The troubleshooting section will explore the effects of an open Rpand Rc. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 4, Section 4.6 


OBJECTIVES 
In this experiment you will: 


Y Observe the effect of feedback to control circuit quiescent point 
stability 

v Measure the effects of temperature-induced beta changes on your 
circuit 


v Learn to relate measured values to circuit failures 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

Heat gun or freeze spray 

NPN transistor, 2N3904 

Resistors: 2.2 kQ, 470 kQ, 2.2 MQ 
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Figure 14.1 


eo 


Step 4 completes the measure- : 
ment portion of the experiment. : 
You may leave the circuit con- : 
nected if you are going to pro- : 


| SECTION I FUNCTIONAL EXPERIMENT 


In this experiment you will first measure the quiescent values at normal room 
: temperature. You will then repeat the measurements with temperature-induced 
| beta changes to observe the effect of feedback in controlling circuit stability. 


: 1. Construct the circuit in Figure 14.1. 


, 2. Apply power to the circuit. Measure and record the circuit DC values indi- 


cated below. 
Ig = Ic= Vs = 
VE= Vce= Vce = 


If possible, use two digital voltmeters for Procedure step 3. If you cannot use two 
: DMMs, make the collector current measurement first; then make the collector 
: voltage measurement. 


3. Connect one DMM to measure collector current and the other to measure 


collector voltage. Apply power and record these measurements. They 
should be approximately as recorded in step 2. 


Ic= Vc = 


: 4. While monitoring these values use the heat gun to warm the transistor or 
the freeze spray to cool it. Use care to avoid overheating the transistor. 
Limit heat gun application to approximately 1/2 minute to 1 minute maxi- 
mum, and let the transistor cool before reheating. As collector current in- 
creases, you should notice the collector voltage decreasing; and as 
collector current decreases, collector voltage increases. If you have ac- 
cess to both a heat gun and freeze spray, you may wish to make the meas- 
urements first with the heat gun and then with the freeze spray. 


ceed to the troubleshooting 


section. 
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_ SECTION Il. TROUBLESHOOTING 


| Fault 1 - Rc open 

Make sure the circuit power is turned off. Leaving the DMMs connected 
to read collector current and collector voltage from Section I, step 5, re- 
place the 2.2-kQ Rc with a 2.2-MOQ resistor. Apply power to the circuit; 
measure and record the values indicated below. 


Ic= Ve= Vere = 


VBE = Vcr = 


Fault 2 - Rg open 
Turn off the circuit power. Again leaving the DMM connected as in 
step 4 of Section I, replace the 2.2-kQ collector resistor, and exchange 
the Rp with a 2.2-MQ resistor. Apply circuit power; measure and record 


the values below. 
Ic = Vc = Vere = 
VBE = VcE = 

DISCUSSION 

Section I 


1. While the transistor was heated in Procedure step 4 of the experiment, 
you should have observed a small increase in the collector current and a 
decrease in collector voltage. In your own words, explain how this rela- _ 
tionship helps to provide beta stabilization in this transistor circuit. 


2. Ifthe circuit in Figure 14.1 were modified to include an emitter resistance, 
how do you think this would affect the beta-independent nature of this 
circuit? Hint: Set up a beta box model for the modified circuit form. 


Section II 


Fault 1 - Rc open 

1. You have found that if Rc opens, collector current and forward base- 
emitter voltages are zero. Vc also goes to zero volts. Why does the base 
emitter voltage also disappear when Rc opens? 


2. You also observed that when Rc opens, the entire Vcc (10 V) is dropped 
across Rc. Why does this occur? 


Fault 2 - Rg open 
Explain why you found that with Rp open, collector current was zero and ; 
Vee = Vcc. 


Quick Check 


1. The feedback used in the collector feedback bias circuit demonstrates the 
ability of the output current or voltage to regulate a circuit by affecting 
the input current or voltage. 


True False 
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, 2. One advantage of collector feedback bias over base bias is that it uses only 
one DC power supply. 


True False 


3. The collector saturation current for the circuit in Figure 14.1 is: 


(a) 2.55 mA (b) 4.55 mA 
(c)8.55mA (d) 9.55 mA 


4. At saturation, the collector-emitter voltage will be approximately 0.2 V. 
True False 


| 5. Assuming a transistor beta of 150, changing Rs in the circuit in Figure 
14.1 to 330 kQ would put the transistor into saturation. 


True False 
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VOLTAGE DIVIDER 
BIAS FOR BJTS 


INTRODUCTION 


Voltage divider bias is one of the best and most commonly used bias methods for : 
stabilizing BJT circuits. In Section I of this experiment you will set up a voltage : 
divider-biased circuit, predict circuit values, and make circuit measurements to : 
evaluate the stability of the quiescent circuit values. 

Section II of this experiment deals with troubleshooting. In this section you : 
will simulate three different faults and make measurements of the circuit for : 
each fault. This will develop your troubleshooting knowledge by letting you : 
observe the effects of a component’s failure and by giving you the measurement : 
data of the fault. 


REFERENCE 
Siar of Electronic Devices and Circuits - Chapter 4, Sections 4.7 and i 
OBJECTIVES 
In this experiment you will: 
¥ Add to your understanding of voltage divider bias 
Y Verify the stability of a voltage divider-biased circuit 


¥ Determine circuit values for different component failures 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

NPN transistor [2], 2N3904 or equivalent 
Resistors: 270 Q, 1.2 kQ, 2.7 kQ,12 kQ, 2.2 MQ 
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— : SECTION I FUNCTIONAL EXPERIMENT 


12 c Q , 1. Construct the circuit shown in Figure 15.1. Set the DC power supply to 
12 V, and connect the power supply to your circuit. 
2. Using the digital multimeter, measure and record the circuit parameters 
listed below. 

Rs Re 

2.7kQS 2702 Ie, Ve NE 
; Vc= Vee = 
: 3. Tum off the DC power supply and substitute a second 2N3904 transistor. 

Figure 15.1 KP Reapply circuit power; measure and record the circuit parameters again. 


Changing transistors in the cir- | ———— | een | 
cuit gave two measurements : Vex Vere 

with two different (although | c ——— ve 
unknown) values of beta. To | 4 
test the circuit stability further, | ~ 
we can use the fact that beta in- | 
creases with temperature. The | 


You can use a heat gun or soldering iron to heat the transistor. If you use a 
soldering iron, do not actually touch the transistor with the hot tip of the 
soldering iron—hold the soldering iron close to the transistor. Heat the 


next set of measurements will ; transistor for about 1 minute, or until the case is very warm to the touch. 
be made while the transistor is : Make the following measurements quickly following the heating of the 
being heated. transistor before it returns to ambient temperature: 
: Ip= VB = VE = 
Ve=_t—“ié«wVcES= 
5. Now you have three sets of data from your circuit. Solve the circuit for 
NOTE : 
Ad alternative method t6. | the same parameters as those measured. Calculate the Thevenin values of 
heating the transistor is to the voltage divider—Rrtu and Vtu. Enter these values in the blanks pro- 
cool it using component vided below and in the beta box model in Figure 15.2. Assume a beta of 
cooler spray. This will de- | | 150, and, using the beta box model, calculate emitter current, collector 
crease beta. voltage, base voltage, and emitter voltage. Also enter these results in the 


appropriate blanks provided below. 


oe Ve=_—___ Ve=__ Ver = 
HE a 0.7 vo _ SECTION II TROUBLESHOOTING 
| Fault I - Rp divider resistor fails 
= a : When a resistor fails, it becomes a high resistance, or open circuit. In this proce- 
: dure, you will simulate an open-resistor failure by substituting a large resistance 
Figure 15.2 : value for resistor Ra. 


; 1. Modify your circuit of Figure 15.1 by replacing the 2.7-kQ resistor with 
the 2.2-MQ resistor. 
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Apply 12 VDC to the circuit. Using the digital multimeter, measure and re 


cord the circuit values listed below: 
Va = VE= 
Vc = VcE at 


Compare the circuit values just obtained to those of a normal circuit (Sec- 


tion I, Step 2 or 3). Notice in particular the readings that had the large 
change. 


Fault 2 - R, divider resistor fails 


1. 


You should have found that the measured circuit values for this fault are quite 
different from those of a normal circuit. Also notice the differences from the : 


Tum off the circuit power and replace Rg with the 2.7-kQ resistor. Ex- 
change the 12-kQ value of Ri with the 2.2-MQ resistor. 


Reapply 12 VDC to the circuit. Using the multimeter, measure and record 


the circuit values listed below. 
Vc= Vcr = 


values obtained for the Rg fault. 


Fault 3 - Emitter resistor fails 


1. 


Notice that each fault gave a different and unique set of circuit values, and that 


Tur off the DC power to the circuit and replace resistor Ri with the 
correct value of 12-kQ. Exchange the 270-Q emitter resistor for the 
2.2-MQ resistor. 


Reapply 12 VDC to the circuit. Using the multimeter, measure and record 


the circuit values listed below. 
Va = VE = 
Ve = Vce = 


in each case, the transistor shifted to either a cutoff or a saturation condition. 


DISCUSSION 


Section I 


1. 


Discuss, from the standpoint of a stable operating point, the voltage 


divider portion of a voltage divider-biased circuit. Consider the effects of 


large resistances in the divider, both firm and stiff. 


Discuss the stability of voltage divider-biased transistors based on the data | 


you have taken. Consider such factors as the use of two different transis- 
tors, as well as the forced beta changes of heating or cooling the transis- 
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tor, and the percentage difference in the values of emitter current and col- 
lector voltages. 


| 3. Compare the stability of voltage divider bias and emitter bias (Experiment 
13). 


, 4. Ifyou used the quick method of your text for solving the firm or stiff 
divider for the circuit in Figure 15.1, do you believe this would give a sat- 
isfactory value for emitter current? Explain your answer. 


, Section II 


2 1. For each fault, describe the transistor state (cutoff or saturation). Describe 
how you would use this knowledge in troubleshooting a circuit. 


: 2. Based on your measured data of circuit failures, what circuit measurements 
would you need to make in order to identify each fault? 


: Quick Check 

i 1. The circuit in Figure 15.1 is near mid-point bias. 

True False 

2. The saturation current of the circuit in Figure 15.lis 


(a) 5.5mA (b) 8.16 mA 
(c) 10.23 mA (d) 11.04 mA 


3 3. One advantage of voltage divider bias compared to emitter bias is : 


(a) beta is not a factor (b) fewer components 

(c) alpha is not a factor (d) simpler power supply needed 
2 4. Based on your circuit calculations, with an assumed beta of 150, the 
voltage divider is , 

(a) firm (b) stiff 

(c) neither 
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BIASING PNP 
TRANSISTORS 


INTRODUCTION 


The operating voltages for PNP transistors have the opposite polarity from those . 
used to bias NPN transistors. 

PNP transistors are used less often than NPN transistors, and when they are, 
they are often used in circuits with NPN transistors. For convenience, and to | 
avoid two power sources, the PNP transistors are usually connected upside down | 
with the emitter connected to the same +Vcc that the collector of NPN transistors | 
are. This is the circuit form you will use in this experiment. 

In Section I of this experiment you will calculate and measure the DC values | 
for a PNP voltage divider biased transistor circuit. 

In Section II you will observe the effects of open bias resistors Ri, a shorted : 
collector/emitter, and an open collector emitter. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 4, Section 4.8 


OBJECTIVES 
In this experiment you will: 


¥ Learn to set up an upside down voltage divider biased PNP transistor 
circuit 

Y Understand the references used to make voltage measurements in a 
PNP transistor circuit 


Y Recognize fault voltage values for common troubles in a PNP voltage 
divider biased circuit 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

PNP transistor, 2N3906 or equivalent 
Resistors: 1.2 kQ, 2.2 kQ, 3.3 kQ, 10 kQ 
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: SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit of Figure 16.1. 


Vv 
eee Vv In step 2 you will be measuring the DC values of your circuit. As 
a reminder, where a parameter has a single subscript such as Vc or 
Ve the measurement is to be made from the element to circuit com- 
Re mon (ground). 
1.2kQ 
Sa ee a 2. Apply circuit power, measure and record the DC values 
eio0 | VE Table 16.1, paying close attention to Figure 16.1. 
phecse) = 
| We ee PP Shoe 2) 3. Tum off circuit power. In the area labeled Figure 16.2, 
@) Ry Re 1 | redraw the circuit of Figure 16.1 right side up. Shift the cir- 
. 10 kQ 22kO OF ! cuit ground to the positive terminal of the power supply. 
| | 
ge = : = 4. Construct the circuit you drew in Figure 16.2. Be sure to 


check your power supply connections carefully. 


Figure le 5. Apply circuit power. Measure and record in Table 16.1 the 


same circuit parameters you made in step 2. 


This completes the procedure. Turn off circuit power. Disconnect 
your circuit. 


Data from step 1 | Data from step 2 


a a er ee 
Coal ae eae 
cl eee Ceres 
2 ees: SE 
[ei Soa aera 


Figure 16.2 Table 16.1 


_ SECTION II TROUBLESHOOTING 


: Fault 1 - Ri open 

: 1. Construct the circuit of Figure 16.1. Check your circuit to ensure proper 

operation. Turn off circuit power. Remove the 10-kQ Ri and replace 
with a 2.2-MQ resistor. 


2. Reapply circuit power. Measure and record the following circuit values: 


Va= VE= Vc= 
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Fault 2 - Transistor shorted 

1. Tum circuit power off. Replace the transistor in the circuit. Place a 
shorting wire from the emitter to base and the base to collector. Turn on 
circuit power. 


2. Measure and record the following DC values: 


Turn off circuit power and disconnect your circuit. 


DISCUSSION 


Section I 


1. Inthe measurements of steps 2 and 5, you found that the transistor 
element voltages, Vp , Ve , and Vc, were quite different yet the transistor 
operated at the same quiescent point. Why do you think these differences 
are important to the technician? 


2. Because the circuits of Figure 16.1 and your circuit of Figure 16.2 had the | 
same values of Ic and Vcg, the values of the base-emitter voltage and the | 
voltage from collector to emitter were the same. Identify other voltages 
and currents that were the same in the two circuits. 


Section II 


Fault I - Ri open i 
In Fault 1 you found that Vp and Vg were at 12 V, while Vc had no voltage. 
Explain why you think these values were measured. ; 


Fault 2 - Transistor shorted 
You discovered that when the transistor was shorted, Vcc was divided 
across Rg and Rc. Explain why you think this occurred. 


Quick Check 
1. PNP transistor schematics are usually drawn: 


(a) nght side up (b) sideways 
(c) upside down 


2. The bias voltage polarities for PNP transistors are: 


(a) same as NPN (b) reversed from NPN 
(c) higher voltage than NPN 
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In the circuit of Figure 16.1, the bias is: 


(a) firm (b) stiff 
(c) neither 


The quiescent operating point of the circuit of Figure 16.1 would depend 
on the transistor beta. 


True False 
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COMMON EMITTER 
AMPLIFIER 


INTRODUCTION 


One of the most commonly used small-signal amplifiers is the common emitter | 
configuration, In this experiment you will be testing a single-stage common ; 
emitter amplifier. You will be measuring voltage gain for both an unswamped : 
and a swamped configuration, measuring amplifier phase shift, and observing ; 
the amplifier response to loading. 

In the troubleshooting section, you will insert amplifier faults and observe : 
the failed amplifier AC and DC circuit values. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 5, Sections 5.3 
and 5.4 


OBJECTIVES 
In this experiment you will: 
¥ Learn how to determine voltage through circuit measurements 
¥ Gain understanding of the effects of loading on amplifier gain 
Y Be able to relate amplifier AC and DC voltages to component failures 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Dual-trace oscilloscope 

Function generator 

NPN transistor, 2N3904 or equivalent 

Circuit protoboard 

Resistors: 1 kQ, 2.2 kQ, 3.9 kQ [2], 10 kQ, 47 kQ 
Capacitors: 1 pF [2], 470 pF 
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| Figure 17.2 


4. 


: SECTION I FUNCTIONAL EXPERIMENT 


Figure 17.1 


Build the circuit of Figure 17.1, without connecting a load resistance at 
this time. 


Connect the DC power supply set to 12 V. Do not connect the audio 
function generator at this time. Measure and record the following DC 
voltages: 


Va= VE= 
Vc= Vcr = 


Is the amplifier operating at or close to the load line midpoint? 


Connect the function generator, and set it to provide a signal of 
20 mVp-p at the base of the transistor. 


If you have difficulty obtaining a low 

enough output from your function gen- 

erator in step 3, add the voltage divider 
Totransistor metwork of Figure 17.2 to your circuit. 
base 

Do not rely on the divider value to de- 

termine the amplifier input signal. 
To amplifier Measure the signal at the base of the 
ground transistor and adjust the function gen- 

erator to obtain the required value. 


Set the oscilloscope coupling to AC and connect the scope to the 
transistor collector. Adjust the function generator to obtain the maximum 
output signal possible without clipping. Observe the shape of this output 
waveform. Reduce the input signal to obtain an output signal of approxi- 
mately 4 Vp-p. (The exact value is not critical.) 


10. 


Set the oscilloscope coupling to DC. Measure and sketch the com- 
bined AC and DC signals at the base (Vp), emitter (Vg), and col- 
lector (Vc) in Graph 17.1. Record the positive and negative peak 
values obtained at the collector in the waveform sketch. 


Using your dual trace oscilloscope, connect channel | to the transis- 
tor base and channel 2 to the collector. Set the scope coupling to 
AC. Set the scope to trigger from channel 2. What is the phase 
angle between the input and output of the amplifier? 


Phase angle = 


Adjust the function generator to provide a 20 mVp-+» input signal to 
the 

transistor base. Using your oscilloscope, measure and record Vin 
and Vow of the amplifier. Calculate and record the value of un- 
loaded voltage gain. 


Vin = Vout = Av = 


Turn off the circuit power and connect the 3.9-kQ load. Measure the 
input signal and output across the load. Record these values. Cal- 
culate the amplifier loaded voltage gain. 


Vin = Vout = AvL= 


Tum off the circuit and replace the 3.9-kQ load with 47-kQ measure- 
ments of step 8 to determine the loaded voltage gain. 


AvL = 


Tum off the circuit power. Modify your circuit to the swamped am- 
plifier of Figure 17.3. Apply the circuit power. Set the function 
generator to apply a 20 mVp-p , 1 kHz input signal, using your os- 
cilloscope. Measure and record the amplifier input and output sig- 
nal values. Then calculate the amplifier loaded voltage gain. 


1 uF 
Vin = 
Rt 
Vout = 
Cs 1 AvL= 
70 WF 
Figure 17.3 


Ve 


Graph 17.1 
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ou 


While monitoring the output signal at the load, increase the input signal to 
the point just short of clipping. Observe this waveform. You should ob- 
serve a clean and undistorted waveform. Contrast this waveform to that 
obtained in step 4. 


| Step 11 completes your measurements. You may disconnect your circuit. 


_ SECTION II TROUBLESHOOTING 


Fault 1 - Emitter bypass capacitor open 
a. 


Capacitors have three failure modes: They can open, short, or leak. You 
will now explore what happens to the Vout when the Emitter bypass ca- 
pacitor opens. 


Apply 12 VDC and the AC signal of 1 kHz at 20 mV,» to the amplifier 
circuit. While monitoring the Vout carefully, remove one end of the emit- 
ter bypass capacitor and record the Vou below. Also observe and record 
gain differences. 


With emitter bypass capacitor: 

Vout = Av = 
Without emitter bypass capacitor: 

Vout = Ay= 


| Fault 2 - Transistor shorted 
ead: 


The transistor in the CE amplifier has two main failure modes: The 
transistor can open or short from emitter to collector. You will explore 
the shorted failure mode here. 
Tum off the circuit power. Place a shorting wire from the emitter to the 
collector of the transistor. Apply circuit power. Monitor the output signal 
and record the voltages below. 
Vout VE 
Ve Vrc 

_ DISCUSSION 

| Section I 
In Procedure step 6, you measured the phase shift between the signal 


input on the base to the signal output on the collector. Describe, using the 
functional operation of the transistor, the reason for the phase shift you 
measured. 


2. In Procedure step 4, using the oscilloscope with AC coupling, the 
average value of the amplifier signal was 0 V. That is because the posi- 
tive peak value was equal in magnitude and opposite in polarity to the 
negative peak value. 


A. In Procedure step 5, the average value of the output signal was not 
zero. Calculate the average value from the data of Figure 17.3. 
Vavg = 


B. What is the circuit parameter value represented by the average value 
Vavg of part A? Explain why you obtained the collector waveform 
values recorded in Figure 17.3. 


3. In Procedure step 5, you measured the AC signal on the emitter of the 
transistor, which should have been essentially 0 VAC. Explain why this 
value should have been obtained. 


Section II 


1. In Fault 1 you discovered that the emitter bypass capacitor can greatly 
affect the gain of the amplifier. What operational measurement would 
you make to determine if the capacitor was open? Why? 


2. In Fault 2 you found that sometimes the AC signal may disappear com- 
pletely. You must then rely on DC voltage measurements for trouleshoot- : 
ing. Which of the DC voltages checked do you think was the most 
obvious for showing a shorted transistor? Why? 


Quick Check 


1. What would be the gain of the amplifier in Figure 17.1 ifthe value of Rc; 
were changed to 5 kQ? (Assume no change in quiescent operating point.) | 


2. What should be the normal AC voltage read at the emitter of the transistor 
amplifier of Figure 17.1? 


3. If the amplifier of Figure 17.1 were exactly midpoint biased (Vez =6 V), | 
what would be the maximum undistorted peak output voltage swing? i 


(a)4V (b)5V 
(c)6V (d) 10 V 


4. If capacitor C3 in Figure 17.1 shorted, the transistor would likely be___| 
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COLLECTOR 
FEEDBACK BIASED 


AMPLIFIER 


INTRODUCTION 


: In Experiment 14 you discovered how to use collector feedback to bias a transis- 
: tor circuit. In this experiment you will use this circuit to amplify an AC signal. 
: In Section I you will calculate the gain for the circuit and compare your meas- 
: ured gain with your calculated gain. 


In the troubleshooting section, you will see the effects on the AC output 


voltage if the transistor opens. You will also observe the effects of open and 
: Shorted coupling capacitors on the output voltages. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 5, Section 5.5 


| OBJECTIVES 


When you complete this experiment, you will: 


Y Better understand amplifier gain 


Y Be able to do basic amplifier troubleshooting 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Circuit protoboard 

NPN transistor, 2N3904 or equivalent 
Resistors: 5.1 kQ, 8.2 kQ, 470 kQ 

1 pF capacitor [2] 


SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 18.1. Apply +12 VDC to your circuit. Do not 
connect or apply the AC signal at this time. Measure and record the fol- 
lowing DC circuit values: 


Ic= VcE= 


2. Connect your AC function generator to your circuit (Use the signal divider 


if required). Set the function generator to provide a signal of 1 kHz at 
20 mVp-p at TP1. 


Using your oscilloscope, measure and record the input signal at TP1 (Vin) 


and the output signal at TP2 (Vou). 

Vin = Vout = 

From these values, calculate the circuit loaded voltage gain (Avr). 
AvL = 


3. From the data of step 2, calculate the theoretical loaded voltage gain of 
your circuit (Avz). 


Calculated Avi = 


4. Set your oscilloscope to AC coupling and monitor the output of your 
circuit (TP2). Increase the input signal to the circuit slowly, stopping as 
soon as you detect any output clipping or limiting. For this value of out- 
put, record the value of the positive peak and the value of the negative 
peak. 


+Vok = -Vpk = 


Did clipping start simultaneously on both positive and negative peaks? 
If not, which portion of the output signal showed clipping first? 


Figure 18.1 


BEFORE STARTING 


The circuit you will be 
working with has a rela- 
tively high gain. This will 
require an input signal of 20 
mVp-p. If your function 
generator won’t adjust to 
that level, use the Input Sig- 
nal Divider of Figure 18.2 
between your function gen- 
erator and your amplifier 


Ra 
10 kQ 
To Cy 
Rs 
= 1kQ 
To circuit 
ground 
Figure 18.2 


4 


: Step 4 completes the first sec- 
: tion of your experiment. If you 
: are proceeding to the trou- 
: bleshooting, you may leave the 
: circuit connected. Turn off all 
_ circuit power, AC and DC. 
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_ SECTION II TROUBLESHOOTING 


Fault 1 - Transistor open 
1. In Figure 18.1, remove the transistor and apply power. Connect the 


function generator to the circuit and apply 20 mV>-p at 1 kHz. 


2. Measure and record the output signal voltage at TP2 with the oscilloscope. 


VtP2 = 


3. Measure and record the signal at TP1 with the oscilloscope. 


Vrpi = 


4. Make the DC voltage measurements from the point of collector 


connection to ground and the voltage from TP1 to ground (Vp) with 
your oscilloscope. 


Vc= VBE = 


| Fault 2 - C; open 
1. Tum off circuit power. Install the transistor and disconnect one end of C). 


2. Apply DC and signal power. 
3. Measure and record the signal voltage at the following test points: 


VtpP2 Vre1 VrPo 


| Fault 3 - Cz shorted 
i 1. Tum off circuit power. Reconnect C) and place a shorting wire across C2. 


2. Measure and record the signal voltage at TP2. 


ViP2 = 


Fault 4 - C2 open 
: 1. Tur off circuit power, remove the shorting wire and lift one end of C2. 


Apply circuit power, measure and record the signal voltage at TP2. 


ViP2 = 


2. Measure the signal voltage at the collector. 


Vc= 


DISCUSSION 


Section I 


1. In procedure step 2, you measured circuit gain. In step 3 you calculated 
the expected gain. If the two values were the same, how would you ex- 
plain the equivalence? 


2. In procedure step 4, you drove the amplifier to the point of just detecting 
clipping or limiting of the output signal. What does equal (symmetrical) 
clipping say about the quiescent operating point? Was the clipping you 
observed in step 4 cutoff clipping or saturation clipping? Explain why 
you chose your answer to the last question. 


Section II 


Fault 1 - Transistor open 
1. For this fault you found that the output voltage at TP2 was 0 V while 
the input voltage at TP1 was 20 mV. What do these two measurements 


signify to you? 
2. Why do you think it helpful to measure the DC collector voltage? 
Fault 2 - C; open 


1. You should have found that the output voltage at TP2 was missing. This 
time your measurements showed you that the input voltage at TP1 was 
also missing. However, the signal was present at TPO. You found that C; 
being open will prevent the signal from ever reaching the transistor in- 
put. Does this suggest a pattern for troubleshooting to you? Explain. 


Fault 3 - C2 shorted 
The measured output voltage at TP2 was seen to be superimposed on a 
DC level. If C2 were operating normally, the DC voltage would be 
blocked. What possible problem with oscilloscope switching could pre- 
vent you from seeing this? 


Fault 4 - C2 open 
In Fault 4 you should have found that the output voltage was missing. 
This time, when you measured the collector voltage, you found the out- 
put voltage present. This signal was on a DC voltage level and is hard to 
see with the oscilloscope. Would it be appropriate to measure this signal 
voltage with the oscilloscope coupling switch on AC? 


Quick Check 


1. What is the formula for voltage gain in a collector feedback biased 
amplifier? 
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We can expect our calculated Av and our measured Av to always be ex- 
tremely close. 


True False 


When troubleshooting collector feedback amplifiers, you often find that 
coupling capacitors are often found at fault. 


True False 


What is the value of Icsar for the circuit of Figure 18.1? 


(a) 1.57mA (b) 2.40 mA 
(c) 2.90mA (d) 3.50 mA 
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COMMON COLLECTOR 
AMPLIFIER 


INTRODUCTION 


The common collector or emitter follower amplifier provides current gain anda : 
nominal voltage gain of slightly less than unity. This amplifier is also charac- : 
terized by a moderately high input impedance and low output impedance. 

In this experiment you will verify voltage gain for several loads to illustrate : 
the output impedance character of the, amplifier and, through measurement, you : 
will determine the input impedance of the CC amplifier. The troubleshooting : 
section will enable you to relate measured circuit values to voltage divider faults 
in the CC amplifier. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 5, Section 6 


OBJECTIVES 
In this experiment you will: 


¥ Examine the effect of small load resistors on the voltage gain of the 
emitter follower 


Y Verify the phase relationship between the input and output signal 
voltages of the common collector and amplifier 


¥ Determine the input impedance of a common collector amplifier 


¥ Understand and learn how to recognize failures of the bias resistors 


EQUIPMENT AND MATERIALS 


DC power supply NPN transistor, 2N3904 or equivalent : 
Function generator Resistors: 470 Q, 1 kQ [2], 10 kQ [2], 100 kQ, : 
Dual trace oscilloscope 2.2 MQ 
Circuit protoboard Potentiometer, 10 kQ 


Capacitors: 1 wF, 470 uF 
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Your first procedure steps 
will be measurement of the 
common collector amplifier 
phase shift and then voltage 
gain with three different 
load resistor values to let 
you observe the output im- 
pedance characteristics of 
the common collector am- 
plifier. Following these 
measurements, you will 
make measurements to ex- 
perimentally determine the 
input impedance of your 
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_ SECTION I 


FUNCTIONAL EXPERIMENT 


Figure 19.1 


Build the circuit of Figure 19.1, using first the 100-kQ load resistance. 
Apply DC power to the circuit. Use the function generator to apply a 
sinusoidal input signal of 1.5 Vp-p at 1 kHz. 


Use your oscilloscope to measure, and then record the values of the input 
signal (Vin) and the output signal at Ri (Vout). 


Via = Vout = 
Calculate and record the amplifier voltage gain. 
Avi = 


Connect your oscilloscope to measure the phase of Vin versus Vout. 
Record the phase shift you measure. 


Phase shift = 


Tum off the circuit power. Replace the 100-kQ load with a 1-kQ resistor. 
Reapply circuit power. Measure and make sure that the input signal to 
the amplifier is 1.5 Vp-p. 


Vin = 


Measure the signal output at Ri, record Vou , and calculate the volt- 
age gain. 


Vout = Avi = 


Tum off circuit power. Replace the 1-kQ load resistor with a 470-Q 
resistor. Reapply circuit power and repeat the measurements of Step 4. 


Vin = Vout = AvL= 


Remove circuit power and disconnect the load resistance. 


10. 


Step 10 completes Section I measurements. If you are continuing to the trou- 


C, S10k2 C, S10ka 
10 kQ 10 kQ 
Ra Rp 
10 kQ 10 kQ 
(a) (b) 
Figure 19.2 | 


Ensure that the circuit power is off. Disconnect the base lead of the transis- 


tor from the junction of C; and the voltage divider. Connect a 10-kQ 


potentiometer in series with the function generator to C; as shown in Fig- 


ure 19.2a. 


lector to obtain as close to a full screen display as possible. After setting 
the function generator, move the scope connection to read the AC volt- 


age across Rg of the divider. Do not change the setting of the scope verti- 
cal range selector. Adjust the 10-kQ potentiometer for a scope display of 


exactly one-half the value set for the input signal. 


Tum off circuit power. Remove the potentiometer from the circuit and 
measure its resistance. Record this value as Zp. It is the value of the di- 
vider impedance. 


Zp = 


Replace the potentiometer in the circuit. Reconnect the transistor base 
lead to the junction of C; and the voltage divider as shown in Figure 
19.2b. Repeat exactly the measurement procedure of step 7. This time 
the resistance of the potentiometer is the total impedance of the divider 
and amplifier. Record your measured value of Zr. 


ZT= 


Repeat the measurement steps of 7 and 8, and average the values of the 
readings made. 


Calculate the input impedance of the amplifier from the measured 
and averaged data of steps 7 and 8, using the formula below. 


_ Zr: Zp 


ZaA= 
5 Zp — ZT 


bleshooting section, leave your circuit connected. 


Beginning with step 6, you will 
Apply circuit power. Set the function generator to have an output of 2 Vp-p : 
at 1 kHz, measured with the oscilloscope. Set the scope vertical range se- 


be measuring the input imped- 


: ance ofthe CC amplifier. This is 
inot a difficult measurement; 
i however, it cannot be made di- 
i rectly as you would measure a 
i resistor. If you look at the circuit 
i of Figure 19.1, you will see that 
iat capacitor C, there are two 
: impedances in parallel: the bias 
: voltage divider and the ampli- 
: fier input impedance. You want 
ito obtain the AC or active im- 
: pedance of the amplifier so that 
: the measurement must be made 
i in an operating circuit. 


: The way that you will do this is 
‘to first, with the transistor dis- 
connected, determine the di- 
: vider impedance Zp. Then with 
'a second measurement, obtain 
ithe total impedance with the 
! transistor connected. The differ- 
fence of the two impedance 
: measurements will allow calcu- 
lation of the amplifier input im- 
: pedance. 
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_ SECTION II TROUBLESHOOTING 


' Fault I - Bias resistor Ry open 

‘1. Ensure that you start with your circuit connected as shown in Figure 19.1, 

but with no load resistor. Remove the 10-kQ resistor (R1) and replace it 
with a 2.2-MQ resistor. Make and record your predicted circuit values as 
requested below. 


VE= Ve = 


2. Apply circuit power and an input signal of 1.5 Vp-p at 1 KHz. The bias 

resistor R; of Figure 19.1 fails open. What do you think will happen to 
the output AC and DC voltages? Record your answer below; then meas- 
ure and record the results. 


VE = Ve = 


; Fault 2 - Bias resistor R2 shorted 
1. Tum off circuit power. Replace Ri with the current 10-kQ resistor. 
Remove Rg, 10 kQ, and replace it with a 2.2-MQ resistor. 


2. Estimate the emitter AC and DC values and record below. 
VE= Ve = 


Apply circuit power and AC signal input. Measure and record the voltages, 
AC and DC at the emitter paying attention to the AC signal waveshape. 


VE= Ve = 


_ DISCUSSION 


Section I 


: 1. In your procedure you should have determined that the common collector 

amplifier had a moderately high input impedance and was capable of 
driving a fairly small load resistance. What purpose does this serve in 
electronics? 


‘2. You also found that the voltage gain (Av) of the emitter follower was at 

ora little less than unity (1). You found that this Ay remained close to 
unity for several different load resistances. In your opinion why is this an 
advantage? 


, 3. Your measurements showed that the output signal voltage is the same 
phase as the input signal voltage. Can this be an advantage? If yes, how? 


, 4. Why is the output signal of the common collector amplifier just slightly 
less than the input signal? 
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Section II 


1. In Fault 1 you found that if the bias resister Ri opens, you lose both Vr 
and ve. Explain why this happens. 


2. With Fault 2, Re open, you should have recorded a large DC voltage on 
the emitter and observed a heavily clipped AC signal. What conclusions 
about the state of the transistor can you draw from your measurements? 


Quick Check 
1. The common collector amplifier is also called 


(a) an audio amplifier (b) a collector follower 
(c) an emitter follower 


2. The common collector Zin is 


ve es (b) high 
Cc) 10W 


3. The common collector amplifier has a signal phase inversion between the 
Vin and Vout of 4 i 


(a) 180 degrees (b) 270 degrees 
(c) 0 degrees 


4. Acommon collector amplifier has a nominal voltage gain of 
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COMMON BASE 
AMPLIFIERS 


INTRODUCTION 


: The common base amplifier is characterized by a low input impedance and good 
: voltage gain but no current gain at all. The input current is virtually equal to the 
: output current. In Section I you will make measurements and some calculations 
: to verify the DC and AC characteristics of the common base amplifier. In Section 
: II you will explore the effects on the output voltage when the coupling capacitor 
: C2 shorts, C2 opens, or Rg opens. 


_REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 5, Section 5.7 


_ OBJECTIVES 
| In this experiment you will: 


Y Verify through circuit measurements, the voltage gain and phase shift 
of the common base amplifier 


v Experimentally determine the input impedance of a common base 
amplifier 


¥ Explore three common failures of a common base amplifier 


EQUIPMENT AND MATERIALS 


Dual DC power supply 

Dual-trace oscilloscope 

Digital multimeter 

Function signal generator 

Circuit protoboard 

NPN transistor, 2N3904 or equivalent 

Resistors: 100 Q, 1 kQ, 2.7 kQ, 10 kQ, 20 kQ, 2.2 MQ 
Potentiometer, 100 Q 


1 pF capacitor [2] 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 20.1. Resistors Ra and Rg are 
a voltage divider to lower the input signal to your am- 


plifier without excessively loading the signal generator. pram 

2. Apply DC power to your amplifier. Connect the signal Ra 10k2 
generator to the circuit and set the generator for an in- 1kQ C 
put of 20 mVp- across Rg, using the oscilloscope to : 
measure this voltage. Record the input signal level. tHE 

Rt 
Vin = = 20 kQ 
Figure 20.1 


3. Using the oscilloscope, measure the amplifier output across the load, and 
record the measured value: Vout = 


Calculate and record the amplifier gain: Av. = 


4. Connect the oscilloscope channel | to the amplifier input, and channel 2 to. 
the amplifier output. Measure and record the amplifier phase shift. 


Phase shift = 


5. Inthe following steps you will be measuring the amplifier input impedance 
Make the settings and measurements as accurately as possible. 


6. Turn off the amplifier power. Calculate and record your value of the ampli- 
fier input impedance. 


Zin = : 
Figure 20.2 


Set a 100-22 potentiometer to the value you calculated for the input imped- : 
ance. Connect the 100-Q potentiometer between the junction of Ra and 
Rg and C; as shown in Figure 20.2. Temporarily connect a jumper across: 


the potentiometer connection to short the potentiometer. dmportant: Bach time: the 


potentiometer is adjusted, in 


sss , ed ‘ step 8, the signal at divider 
7. Apply circuit power. Use the oscilloscope connected across divider resistor: resistor Rin must be checked 


Rg to measure the input signal, and adjust the generator for aninputof —.: ; 
20 mVp-p. Record your input signal value. Measure and record the ampli- ee Oa 
fier output signal. o 
2 : Repeat the adjustments until 
Vin Vou #2 ' the correct output is ob- 
: tained and no adjustments 
are required. 


8. Remove the jumper shorting the potentiometer. Recheck the signal 
voltage across Rp and readjust the generator for exactly 20 mVp-p. Set 
the scope to measure the amplifier output and adjust the potentiometer : wy 
for an output of exactly half the value recorded in step 7. 
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9. Tum off circuit power. Remove the potentiometer and measure the set 
resistance. Record the measured resistance below. This is the input im- 
pedance of the amplifier. The value measured should be relatively close 
to the value you calculated in step 6. 


Zin = 
This completes your circuit measurements. Your circuit may be left connected if 


: you are going to continue to the troubleshooting section. 


| SECTION II TROUBLESHOOTING 


Fault 1 - Re open 


[Estimated [Measured Build the amplifier circuit of Figure 20.1. Replace the 
2.7-kQ emitter resistor (Rc) with a 2.2-MQ resistor. 
feo ee Estimate the effect this failure would have on the cir- 
ae ar ae 


cuit. Record your estimated voltages in the Esti- 
mated column of the table provided here. Apply 
circuit power. Connect and set the signal generator 
to supply 20 mV, across Rg. Measure and record 
the listed voltage values in the Measured column. 


Fault 2 - C2 shorted 
Turn off circuit power. Replace the emitter resistor 
with the correct 2.7-kQ. resistor. Place a jumper wire 
to short the output capacitor C2. Estimate the effect 
of this failure on the circuit parameters shown in the 
table at the right. Record your estimates. Apply cir- 
cuit power and input AC signal. Measure and record 
the values in the Measured column. 


Fault 3 - C2 open 
Turn off circuit power. Remove the jumper shorting 
C2. Disconnect one end of C2 from the transistor col- 
lector. Estimate the effect of an open C2 on the cir- 
cuit parameters listed in the table at the right. 
Record your estimated values. Apply circuit power 
and input AC signal of 20 mV,.p. Measure and re- 
cord the circuit values in the Measured column of 
the table. 


[esinates [essed 


| DISCUSSION 


| Section I 


| 1. You should have found that the gain of the common base amplifier is high 
and the input impedance is very low. What effect do you think the low in- 
‘put impedance would have on most input signals to the amplifier? 
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Even though the common base amplifier has a high gain, why do you think 
it is not very popular for use as an audio amplifier? 


Considering that the impedance of most coaxial cables used to carry RF 
signals is in the range of 50 to 75 Q, do you feel that there would be an 
application in RF use for the common base amplifier? Give an example 
to explain your answer. 


Section II 


Fault 1 - Re open 


In Fault 1 we found that if Re opens, there is no output voltage. Why do 
you think this happens? 


Fault 2 - C2 shorted 


In Fault 2 the output coupling capacitor (C2) was shorted. You should 
have found that the output signal was superimposed on the DC voltage 
level of Vc. In troubleshooting there are two ways of finding this prob- 
lem. Can you think of a problem you might have in troubleshooting this 
failure? 


Fault 3 - C2 open 


You found that when the output coupling capacitor, C2, becomes open, the ; 
signal path is interrupted and no output voltage will be seen. What do i 
you think the output voltage would look like if Cz were leaky instead of 
open or shorted? 


Quick Check 


im 


The common base amplifier is used mostly as an audio amplifier. 


True False 


There is a 180-degree phase inversion between the input and output signals 
of the common base amplifier. 


True False 


The low input impedance of the common base amplifier makes it ideal as 
a voltage amplifier. 


True False 


The gain of the common base amplifier is relatively high. 


True False 
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MULTISTAGE 
AMPLIFIERS 


INTRODUCTION 


Many times the gain required from an amplifier cannot be obtained by only one 
' amplifier stage. Therefore, several amplifier stages are cascaded together so that 
| the individual gain of each amplifier is multiplied to get an overall gain. 


In this experiment you will build a two-stage cascaded amplifier, make 


: measurements, and draw conclusions based on those measurements. 


The troubleshooting section will examine the effects of capacitor failures on 


' the multistage amplifier. You will install faults and make circuit measurements 
: to be able to relate measured values to component failures. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 5, Section 5.9 


_ OBJECTIVES 


In this experiment, you will: 


¥ Add to your knowledge of multistage amplifiers 


Y Be able to relate measured values to circuit failures 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Dual-trace oscilloscope 

Function generator 

Circuit protoboard 

NPN transistor [2], 2N3904 or equivalent 

Resistors: 82 Q, 180 Q, 330 Q, 1 kQ, 3.3 kQ, 3.9 kQ, 4.7 kQ, 
5.6 kQ, 33 kQ, 56 kQ 

Capacitors: 1pF [3], 47 uF [2] 


SECTION I FUNCTIONAL EXPERIMENT 


R3 
47kQ 33kQ 


Figure 21.1 


1. Construct the two-stage amplifier of Figure 21.1. 
2. Apply DC power. Do not connect the function generator at this time. 


Measure the DC voltages at the base, collector, and emitter of the 
first and second stages of the amplifier. Record your values in Table 
21.1. 


DC Values 


AC Values 


Table 21.1 


3. Connect the function generator to provide an input to your amplifier at C1. 
Set the generator to 20 mVp.p at 1 kHz. 


Note: If your function generator will not adjust to a sufficiently low 
signal, connect the input voltage divider network of Figure 21.2 to 
your circuit. 


4. Using the oscilloscope, measure the peak-to-peak AC signal at the base, 
emitter and collector of each amplifier stage, and measure the amplifier 
output across the load resistor. Record your measured values in Table 
21.1. 


5. From your measured data, calculate the loaded voltage gain of each stage 
and record below. 


Avi (Stage 1)=_ Avi (Stage 2) = 


Ra 

10 kQ 
To C; 

Ra 

1kQ 
Figure 21.2 
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For stable ’scope triggering 
in step 8, set the ’scope to 
trigger on the channel con- 
nected to the amplifier out- 
put. 
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| 6. Calculate the overall voltage gain of the amplifier by taking the product of 


the individual stage gains from step 5. 


7. From the data of Table 21.1, calculate the overall gain of the amplifier. 


Avt= 


This result should be the same as the value calculated in step 6. The total gain of 
; a multistage amplifier is the product of the individual stage gains. 


8. Connect your oscilloscope to measure the phase shift from input to output 


of the amplifier. Connect one channel of the scope to the input signal at 
C,, and the other channel to the output at the load resistor. Measure and 
record the amplifier phase shift. 


Phase shift = 


This completes the first section measurements. If you are proceeding to the trou- 
: bleshooting, leave your circuit connected. 


| SECTION II TROUBLESHOOTING 


: Troubleshooting amplifiers is very similar to troubleshooting the single stage 
; amplifier. There are some differences, however. One major difference is the cou- 
i pling capacitors. Like a leaky or shorted bypass capacitor, coupling capacitors 
: alter the signal characteristics. Also, since they isolate the V. of the first stage 
i from the V» of the second stage, network bias is affected. Another difference of 
i the amplifier from the single-stage is that the subsequent stages act as the load 
i for the previous stage. Therefore, any problem in later stages affects the opera- 
i tion of the previous stages. This experiment, then, focuses on these two major 
: differences by examining failures of the coupling capacitors. 


Fault I - C2 open 
id. 


Tum off circuit power. Open C2 by disconnecting one end from the capa- 
citor at Qi. Reapply circuit power and the AC signal of 20 mVp-p at 

1 kHz. Measure and record in Table 21.2 the AC and DC voltages at the 
collector of Q; and the base of Q2. 


2. Reconnect C2 and measure V- of Qi and Vp of Q2. Do you observe any 
: differences in the signal? 


| Fault 2 - Cp shorted 


Tum off circuit power. Remove capacitor C2 and replace it with a jumper 
wire (connecting the collector of Q: to the base of Q2). Reapply circuit 
power and the input signal. This simulates a leaky or shorted capacitor. 
Measure and record the appropriate data in Table 21.2. Also record the 
DC levels. 


DC Values AC Values 


| Table 21.2 


DISCUSSION 


Section I 


1. Calculate the unloaded voltage gain of the amplifier first stage. How does 
it compare to your measured value? 


2. The overall gain you measured for your multistage amplifier could be 
approximated by a single-stage unswamped amplifier. What reasons 
would you give for using the multistage amplifier? What reasons would 
you give for using the multistage amplifier as a better choice? 


Section II 


1. What effect did an open coupling capacitor have on the circuit? Also, 
explain how and why the signal changed when C2 was reinserted into the 
network. 


2. Explain what effect a leaky coupling capacitor would have on the opera- 
tion of the multistage amplifier. 


3. Explain the measurements you observed when C2 was shorted. What, for 
example, happened to the gain of the amplifier, or to the output signal 
waveshape? 


Quick Check 
1. The term he refers to . 


(a) Av (b) beta 
(c) impedance (d) slew rate 


2. Czis used to couple the first stage to the second stage. 


True False 

3. An open emitter bypass capacitor the gain of an amplifier? 
(a) increases (b) decreases 
(c) has no effect on 


4. A multistage amplifier increases signal strength in small steps. 


True False 

5. Ina multistage amplifier, faults in one stage can affect the operation of 
other stages. 
True False 
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CLASS A POWER 
AMPLIFIERS 


INTRODUCTION 


: As its name notes, the emphasis of the power amplifier is power gain. It is most 
i often found in the final stages of multistage amplifiers. Some important features 
i of the class A amplifier are the current drain, maximum power dissipation by the 
: transistor, the stage efficiency and full power output (maximum unclipped signal 
: the amplifier can deliver). 


In this experiment you will calculate and measure power output and effi- 


ciency of a class A Power amplifier. 


The troubleshooting section of this experiment will simulate two amplifier 


faults and you will, through measurements made, be able to relate failures to 
: circuit measured values. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 6, Section 6.3 


_ OBJECTIVES 


In this experiment you will: 
¥ Determine by measurement the efficiency of a class A power amplifier 


¥ Understand the effect of a swamping resistor on the signal linearity of a 
large signal amplifier 


¥ Simulate faults and be able to determine their effect on amplifier 
parameters 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Dual-trace oscilloscope 

Function generator 

NPN transistor, 2N3904 or equivalent 

Resistors: 220 Q, 820 Q, 1 kQ, 3.3 kQ [2], 6.8 kQ, 33 kQ 
Capacitors: 1 pF [2], 470 pF 


SECTION I FUNCTIONAL EXPERIMENT 


» Voc 


Figure 22. 1 | Equation for step 6: 


das ees om Ppc = Vec : Icc 
1. Construct the circuit in Figure 22.1 


2. Apply DC power and with no signal applied, measure and record in Table Equations for step 7: 
22.1 the values of Icg, Vcxg, and the total current drawn by the amplifier : 


cc). Vp = VER 
3 
3. Connect the function generator and adjust for a signal of 20 mVp-p at 1 kHz 
at the base of the transistor. : VL Rms = 9.707VLp 
Using the oscilloscope, observe the load voltage while increasing the AC Vv 2 
input signal. Continue to increase the input signal until clipping is ob- PL= LRMS 
served. Take note of the nonlinear distortion of the signal, in fact the sig- RL 
nal begins to squash and elongate before clipping in reached. This is due; 
to the changes in r°e. _ Equation for step 8: 
NOTE: Although, at the power levels of your circuit you won’t do any damage, : 
it is usually not desirable to operate an amplifier in saturation clipping for long Efficiency = —- y 100% 
intervals. Poe 


4. Reduce the input signal until the output signal is at its maximum value 
without clipping. 


5. Measure and record in Table 22.1 the peak-to-peak output voltage (Vp-p). 


6. Calculate and record in Table 22.1 the DC power supplied to the amplifier 
(Ppc). 


7. Calculate and record in Table 22.1 the total power delivered to the load 
(PL). 


8. Calculate and record in Table 22.1 the efficiency of the amplifier. 


Table 22.1 
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9. 


10. 


Figure 22.2 


Tum off the circuit power. Change the emitter circuit to add a swamping 
resistor as shown in Figure 22.2. Reapply circuit power and the AC 
signal input. 


Connect the oscilloscope to monitor the amplifier output. Adjust the input 
signal amplitude until the output just starts to clip. Compare the signal 
waveshape to that observed in step 3. Does it appear to be less distorted? 


This completes the measurements of this section. 


SECTION II TROUBLESHOOTING 


Fault 1 - Output capacitor C2 is shorted 
i]. 


Starting with the circuit of Figure 22.1, place a jumper wire to short the 
output capacitor, Co. 


Apply circuit power, measure and record the following DC volt- 
ages: 


Vc= Vee = Ve_= 


Apply an AC input signal of 20 mVp-p at 1 kHz. Measure and re- 
cord the peak-to-peak voltages. 


Vc= Vri = 


Tum off circuit power. Remove the jumper shorting capacitor C2. 


Fault 2 - Emitter bypass capacitor C3 is shorted 
we 


With circuit power off, connect a jumper wire to short C3 Apply DC power, 
measure and record the following DC voltages: 


VB= Veo=_ VE= 


Apply an input signal of 20 mvp» at 1 kHz. Measure the record the follow- 
ing peak-to-peak AC voltages: 


Vc= VeL= 


Observe the waveshape of the output signal at the collector and 
load. Does this waveshape imply anything about the state of the 
transistor? 


3. Tum off the power and disconnect your circuit. 


DISCUSSION 


Section I 


1. What effect did including a swamping resistor have on your measurements. 
Explain the effect. 


2. The amplifier efficiency you calculated in step 8 should have been much 
less than the ideal class A efficiency of 25 percent. With reference to 
your text, can you identify measured circuit parameters that contributed 
to the low efficiency? 


Section II 


1. What happens to the signal at the load when the bypass capacitor shorts. 
Why does this occur? 


2. What does nonlinear distortion look like and explain why it occurs in a 
class A amplifier 


3. What one measurement could you make to be certain to identify a shorted | 
output capacitor? Explain why this measurement would be certain. 


Quick Check 
1. The class A amplifier is highly efficient. 


True False 


2. The maximum, theoretical, efficiency of a class A amplifier is 


(a) 50% (b) 25% 
(c) 75% (d) 33.3% 


3. Overdriving an amplifier is a good idea. 
True False 


4. Distortion is caused by changes in 


(a) re (b) Re 
(c) Re @) tr 
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CLASS B PUSH-PULL 
AMPLIFIERS 


INTRODUCTION 


: In this experiment you will construct a voltage divider biased and a diode (cur- 
: Tent mirror) biased class B push-pull amplifier. This will allow you to observe 
: crossover distortion and its elimination by the diode biased amplifier. You will 
: also demonstrate that changing class B bias to class AB eliminates crossover 
: distortion. You will also determine the efficiency of your class B amplifier. 
Simulated fault measurements will be made in Section II of the experiment. 
You will fault a portion of the circuit and make measurements to see the effects 
| of the fault. 


: REFERENCE 
| Principles of Electronic Devices and Circuits - Chapter 6, Sections 6.4 
and 6.5 
| OBJECTIVES 
; In this experiment you will: 
¥ Observe crossover distortion 


Y Demonstrate the AC and DC operating characteristics of the class B 
complementary symmetry amplifier 


¥ Demonstrate class B amplifier faults 


_ EQUIPMENT AND MATERIALS 


DC power supply Diode [2], 1N914 or equivalent 
Oscilloscope NPN transistor, 2N3904 

Digital multimeter PNP transistor, 2N3906 

Function generator Resistors: 220 Q, 1 kQ [2], 1.8kQ [2] 
Circuit protoboard Potentiometer: 1-kQ ten-turn trimpot 


Capacitors: 1 wF [2], 100 pF 
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SECTION I FUNCTIONAL EXPERIMENT 


Crossover Distortion 
1. Construct the circuit in Figure 23.1. 


2. Adjust the potentiometer (R2) for a total resistance of 
50 Q or less between the bases of Q; and Q2. 


3. Connect a milliamp meter to measure the collector cur- 


rent of Q1. 


4. Connect the DC power supply to your circuit and set 


it for 12 V. 
CAUTION YY 


Step 5 below must be performed carefully to avoid ex- 
ceeding the current limit of Qi and Q2. 


5. Slowly adjust the potentiometer (R2) while observing 
the milliammeter. Adjust R2 to obtain a current 
value of 0.25 mA. The exact value is not critical 
and can be in the range of 0.1 to 0.25 mA. 
Following the adjustment of R2, record your cur- 
rent meter reading. 


IcEQ = (0.1 to 0.25 mA) 


6. Tum the DC power supply off and disconnect the cur- 
rent meter. 


7. Reapply 12 VDC. Use your digital voltmeter; measure 
and record the Vcrg of each transistor. 


Qi VcEo = 
Q2 VcEQ = 


8. Connect the function generator to your circuit and 
set the generator to provide a 1-kHz sine wave at 
2 Vp-p- 


9. Using the oscilloscope, observe the signal across the load resistor. The sig- 


nal you observe should have crossover distortion. 


10. Draw the signal in Graph 23.1. 


The following procedure step allows you to provide Class AB biasing of your 
voltage divider biased circuit and observe the elimination ofcrossover distortion. | 


0 +12V 


Figure 23.1 


Graph 23.1 
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Graph 23.1 


Crossover distortion is 
caused by need for the input 
signal to increase to the 
point where the Class B bi- 
ased transistor will turn on 
and start conduction, In- 
creasing the bias to a point 
where the transistor is barely 
in conduction (Class AB) al- 
lows the transistor to follow 
the input signal without the 
delay that appears as cross- 
over distortion. This is not 
easily accomplished with 
voltage divider biased tran- 
sistors because of the diffi- 
culty in selecting resistor 
sizes and the danger of ther- 
mal runaway. 


Figure 23.2 
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11. Repeat Procedure steps 3 through 10, except in step 5 ad- 
just the collector current to 5 mA, and plot your signal in 
Graph 23.2. Do the adjustment carefully; follow the pro- 
cedure exactly. You will be increasing the transistor for- 
ward bias, and too big an increase can put the transistor 
into full conduction with no limit on the collector current. 


This completes the first part of the experiment. Disconnect all 
power and disassemble the circuit. 


The Diode Biased Amplifier 


1. Connect the circuit in Figure 23.2. 


2. Calculate and measure the DC level at the emitter junction of Q; and Q2 


(point A). Record your data in Table 23.1. 


3. Calculate the remaining parameters shown in Table 23.1 and enter the re- 


sults in the Calculated column. 


Reminder: Icc is equal to the sum of the current mirror bias network (Ip) plus 
: the amplifier transistor collector current (IcEQ): 


Icc = Ip + IceQ 


Since your circuit may not be operating at maximum power to the load, 
use an estimated load voltage value of 9 Vp-p to calculate load power. 


4. When your calculations are complete, make the Icc measurement before 


connecting the function generator to your circuit. 


5. Connect the function generator to your circuit and set the generator to pro- 


vide a 1-kHz signal at 2 Vp-p. 


0 +12V 


Table 23.1 


6. Connect the oscilloscope to measure the output voltage TTT] 
across the load. While observing the scope display, adjust 
the function generator output amplitude to obtain the 
maximum undistorted (no clipping) load voltage. 


7. Measure the output voltage across the load and sketch the 
load signal waveform in Graph 23.3. 


8. Tum off the generator and power supply. Complete the 
power calculations for the output load power, the circuit 
DC power, and the amplifier efficiency from your meas- 
ured values. Enter the results in Table 23.1. 


Graph 23.2 


You may leave the circuit connected if you are proceeding to the troubleshooting | 
section. 


SECTION II TROUBLESHOOTING 


Fault 1 - D, shorted 
Place a jumper wire across D;. Measure the DC levels and signals at the 
base of Q: and Q2 , and the output junction before the coupling capacitor. 
Are the DC levels normal? : 


Fault 2 - Injected fault 
Have your instructor or lab partner inject a problem into the circuit. Try 
covering the fault with a piece of tape to hide the fault, and make your 
conclusions based on your measurements only. 


DISCUSSION 


Section I 


1. Explain the term push-pull. How does this term describe the class B 
amplifier? 


2. Describe crossover distortion. What does it look like and how can it be 
eliminated? 


3. Considering the measured efficiency of your amplifier versus the 
theoretical maximum value, what things would you suggest to increase 
your amplifier efficiency? 


Section II 


1. Describe the procedure you used to troubleshoot the fault that your 
instructor or partner injected into the circuit. 
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If the base to emitter junction of Q: opened, what signal would you 
expect to observe at the output? 
: Quick Check 
The maximum efficiency of a class B amplifier is approximately 
(a) 50% (b) 63.3% 
(c) 25% (d) 78.5% 
A class B amplifier is normally biased above cutoff to eliminate crossover 
distortion. 
True False 
The class B amplifier consists of two transistors each conducting for 270 
degrees of the input signal. 
True False 
Provided the transistors are biased equally, the DC level at the collector 
emitter junction of a class B amplifier is 
(a) half the value of Voc (b) 10% of VEE 
(c) 0.7 V above ground (d) 10% below Vcc 
An abnormal voltage reading at the emitter junctions (point A) indicates 


(a) an open biasing resistor (b) an open coupling capacitor 
(c) a shorted or saturated transistor (d) an excessive load 


DARLINGTON 
AMPLIFIERS 


INTRODUCTION 


The Darlington amplifier is a common transistor network. In the common col- : 
lector configuration it has characteristics of a very high current gain, a voltage ; 
gain of 1, a high input impedance, and a low output impedance. Therefore, the : 
Darlington amplifier is often used to isolate a high input source from a low input ; 
load. 

In this experiment you will construct two darlington pair amplifiers: acom- | 
mon emitter and a common collector amplifier. You will also calculate DC and : 
AC levels, inject an AC signal, and measure the current gain. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 6, Section 6.5 


OBJECTIVES 
In this experiment you will: 
v Measure the current gain of a darlington pair 
Y Demonstrate the characteristics of the darlington pair 


v Learn the difference between the common collector and the common 
emitter darlington pair 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Oscilloscope 

Function generator 

Circuit protoboard 

NPN transistor [2], 2N3904 or equivalent 

Resistors: 680 Q, 820 Q, 3.3 kQ, 150 kQ, 300 kQ, 500 kQ, 1 MQ [2] 
Capacitors: | pF [3], 470 pF 
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Figure 24.1 


In these procedure steps you 
will be measuring the cur- 
rent gain (Aj) of your ampli- 
fier. Because the expected 
gain is large, typically in the 
range of 1000 to 20,000, a 
direct measurement of the 
input current (lin) is not pos- 
sible. Therefore, some cal- 
culations are required to 
determine the value of Iin. 
Your accuracy in this meas- 
urement is limited, but will 
serve to give you a fair 
measure of current gain and 
illustrate the high input im- 
pedance of the Darlington 
amplifier. 


Figure 24.2a shows the in- 
put portion of the amplifier 
and the source that will be 
used to make the measure- 
ment. 


Figure 24.2b shows the 
equivalent AC impedances 
of the input circuit. 


Figure 24.2¢ shows the cur- 
rents and two voltage meas- 
urements to be made. 
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_ SECTION 


FUNCTIONAL EXPERIMENT 


Common Collector Amplifier 
Build the circuit of Figure 24.1. Connect the +15 VDC 
power. Do not connect,the AC function generator at this 
time. 


2. Measure and record in Table 24.1 the base voltage of Qi 
and Q2, and the emitter voltage and current of Q2. 


3. Connect the AC function generator and set it to supply a 
1-Vp-p signal at | kHz. 


Measure and record in Table 24.1 the peak-to-peak 
values of the input and output signal. From these 
measurements calculate the amplifier voltage gain 
and record the value in Table 24.1. 


Because the current values will be derived from voltage measurements, it 
is necessary to know the actual values of the circuit resistances. Measure 
and record the values of resistors Ra, Ri, R2, and Re. 


Connect the input circuit to your amplifier as shown in Figure 24.2a. Set 
the generator to provide an exact 1 Vp-p at 500 Hz using your digital mul- 
timeter. 


Measure and record the AC voltage drops across Ra (V1) and across 
divider resistor R2 (V2). 


Common Emitter 
(Figure 24.3) 


Common Collector 
(Figure 24.1) 


| Table 24.1 


7. Calculate the total input current (Ir) and the divider 
current (Ip) using the formulas of Figure 24.2c. 


Ir = 
Ip= 


8. Calculate the amplifier current (I,) from formula c 
of Figure 24.2c. 


I,A= 


9. The approximate input impedance of your amplifier “>= 
can be calculated from formula d of Figure 24.2c. 


Zin = 

10. Measure the output AC signal across Re. 
Vout = 

11. Calculate Iout using formula e of Figure 24.2c. 
Tout = 

12. Calculate A; from the data of steps 8 and 11. 
Ai= 


This completes your measurements of the common col- 
lector amplifier. Turn off the power and disconnect your 
circuit. 
Common Emitter Amplifier 
1. Build the circuit of Figure 24.3. Apply 12 VDC 
power. Do not connect the function generator at 
this time. Measure and record in Table 24.1 the 
DC voltages at the bases of Q) and Qo, and the 
emitter and collector voltages of Qo. 


Figure 24.2 


2. Connect the function generator, set to apply an input 
signal of 20 mVp.p at 1 kHz. 


3. Measure and record in Table 24.1 the AC signal 
voltages at the input and output of the amplifier. 


Calculate from these measurements the am- 
plifier voltage gain and record it in Table 
24.1. 


This completes the measurements of your Darlington 
amplifiers. Turn off the circuit power and disconnect 
your circuit. 


get 
Ir Ra 
V 
b.Ib=R- 
c.l,=I7-Ip 
4. Zin = V2 
A 
_ Vout 


Figure 24.3 
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SECTION II TROUBLESHOOTING 


Build the circuit of Figure 24.1. Have your lab partner take your circuit 
and install a fault. To troubleshoot the circuit, use the schematic diagram 
and have your lab partner make and give the measurement values for any 
measurement you request. 


When you have identified the fault, exchange roles; that is, you in- 
stall a fault and make the measurements for your lab partner. 


_ DISCUSSION 


What can you say about the current and voltage gains of the common 
emitter darlington pair amplifier. Explain why the voltage gain is less 
than 1. 


How does the voltage gain in the common collector differ from the 
voltage gain of the common emitter darlington pair? 


Which of the two circuits has the lesser voltage gain. Why? 
Which of the darlington pairs has the greater current gain. Why? 


Quick Check 


The Darlington pair is often used to . 


(a) match a high impedance source with a low impedance load 
(b) increase the frequency response of an amplifier 

(c) match a low impedance source with a high impedance load 
(d) increase the voltage gain of a signal 

The darlington pair has high current gain. 


True False 
The darlington pair is a good example of a class A amplifier. 
True False 


The emitter voltage of Qo if figure 24.1 is approximately : 


(a)3.6V (b) 36 mV 
(c)36V (d) 12 V 
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CLASS C AMPLIFIERS 


INTRODUCTION 


In a class C amplifier, the transistor conducts for less than 180 degrees of the 
input cycle. Because the transistor conducts for a only a small portion of the | 
input signal, the efficiency can be very high. To obtain a sinewave output, the ; 


class C amplifier uses a parallel LC resonant circuit. 


In this experiment you will construct a class C amplifier and will measure 
and record its characteristics. You will also simulate circuit faults and, through : 


measurement, will relate measured parameters to failures. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 6, Section 6.6 


OBJECTIVES 
In this experiment you will: 


¥ Measure and understand the DC characteristics of the class C amplifier 
¥ Determine the AC characteristics of the class C amplifier 


¥ Demonstrate a method to observe the center frequency of the tuned 
amplifier 


v Learn to relate measured circuit values to circuit faults 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Oscilloscope 

Function generator 

Circuit protoboard 

NPN transistor, 2N3440 or equivalent 
Resistors: 1.5 kQ, 270 kQ 
Capacitors: 470 pF [2], 0.01 pF [2] 
15 mH inductor 
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3 SECTION I FUNCTIONAL EXPERIMENT 


, 1. Construct the circuit in Figure 25.1. 


; 2. Apply DC power to the amplifier. Measure and record the following DC 
levels: 


Vs = VE = Ve= 


3. Calculate and record the resonant frequency of the LC 
circuit (this is the center or mid-frequency of the am- 
plifier). 


Calculated f; = 


4. Adjust the function generator to a 1.5 Vp-p amplitude 
and an operating frequency equal to the center fre- 
quency calculated in step 3. Use the sinewave func- 
tion. 


Ri 5. Connect the function generator to the input of the ampli- 
270 kQ fier. 


= 6. Connect the oscilloscope to the output, and change the 
function generator frequency until a maximum out- 
put is obtained. Measure and record this frequency. 


Figure 25.1 Measured f; = 


: 7. Without changing the function generator frequency, adjust the output ampli- 

tude of the generator to the largest value that won’t produce an output 
signal at the collector. Measure and record this peak-to-peak minimum 
signal level. 


Vin=___—————__s (With no output signal) 


: 8. Increase the function generator level while observing the amplifier output. 

Adjust the function generator signal level to the minimum value that just 
produces a complete sinusoidal output signal. Measure and record the 
peak-to-peak input and output signal levels and record these values. 


Vin = (With output signal) 


NOTE | Vout = 


Your amplifier should be ca- | : : ; ‘ : 
pable af Gperation asa fre. | 2: Using your scope to measure the signal, set the input signal to 2 Vp-p. Set 


quency doubler if the tank Q the scope to monitor the amplifier output, and decrease the function gen- 
is a reasonable value. You | : erator frequency to approximatey one-half the frequency measured in 
may find that the output am- | step 6. While monitoring the amplifier output, tune the function genera- 
plitude is a bit less in fre- | : tor frequency to obtain the maximum output of your output frequency. 
quency doubling since the | : 

tank circuit is receiving a | : fin = fout = 

pulse input every other cy- | : 

cle. 
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10. 


11. 


SECTION II 


Reset the function generator frequency and amplitude to the values 
measured in steps 6 and 8. Tune the generator frequency to ensure that 


you are at the frequency that produces the maximum output sinewave sig- 


nal. With the scope connected to the amplifier output, tune the generator 
to the tank comer frequencies f; and f2. 


Measure and record the two comer frequencies. 


fi = f) = 


Remember 


Frequencies fj and f2 are the 
two frequencies: fj below 
and f2 above resonance 
where the output signal am- 
plitude is 0.707 of the maxi- 
mum signal at resonance. 


From the comer frequencies measured in step 10, calculate the tank band- | 


width (BW) and Q. Record these values. 
BW = Q = . 


TROUBLESHOOTING 


Fault I - Change in tank circuit capacitance 
If the value of Cr in the amplifier circuit of Figure 25.1 decreased to one- ; 


1. 


half the value, what effect would this have on the circuit operation and 
parameters? Write your prediction here: 


With the circuit power off, install a second 470 pF capacitor in parallel 
with Cr. Apply circuit power and input signal. Measure the circuit pa- 
rameters to determine the effect of this fault. 


Fault 2 - Tank circuit capacitor open 
With the circuit power off, remove both 470 pF capacitors of the tank cir- | 


1. 


cuit. What effect do you think an open capacitor will have on the circuit 
operation? Record your prediction here: 


Apply circuit power and input signal. Measure the amplifier circuit 
para meters to determine the effect of this fault. Explore the effect of a 
range of input frequencies, particularly above 100 kHz. Record your 
measurements here: 


Step 11 completes the meas- 
urements for this section. If 
you are proceeding to the 
troubleshooting section, 
leave your circuit connected. 


Caution! “Y 


As you measure the effect of 
an open tank capacitor on the 
amplifier circuit, do not ap- 


ply low input frequencies. 
The value of the inductive re- 
actance is the only limit on 
the transistor saturation cur- 
rent. Keep input frequencies 
above 2 kHz. 
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_ DISCUSSION 


Section I 


Discuss the operation of the class C amplifier. Where might this type of 
amplifier be used, and what are some of its characteristics? 


In steps 7 and 8, you should have found that your class C amplifier re- 
sponse to input signal level was not linear. That is, the signal input had to 
be above a specific value before any output could be obtained. Consider- 
ing the bias of the amplifier, explain why the class C amplifier behaved 
in this fashion. 


In step 9, you should have found that your class C amplifier would oper- 
ate as a frequency doubler. Explain why the tuned class C amplifier will 
function as a frequency doubler. - 


3 Section II 


For Fault 1, discuss the reason for the change in resonant frequency in 
your class C amplifier for a change in the tank circuit capacitance. What 
single measurement would isolate the fault to the tank circuit? 


In Fault 2, it is likely that you found a new resonant frequency for your 
amplifier tank circuit. Discuss the reasons that the tank circuit could (and 
would) have a new resonant frequency even though the capacitor was 


open. 


Quick Check 


The ideal class C amplifier has an efficiency close to ‘ 


(a) 50% (b) 25.5% 
(c) 78.6% (d) 100% 


A class C amplifier is used ‘ 


(a) where specific frequencies need amplification 

(b) whenever a large bandwidth is necessary 

(c) to match a high impedance source with a low impedance load 
(d) to increase the reactance of a circuit 


The class C amplifier is conductive for 


(a) 360 degrees (b) 270 degrees 
(c) 180 degrees (d) < 180 degrees 


4. 


The LC tank is used to : 


(a) increase the gain (b) decrease the gain 
(c) produce a sinewave output (d) increase the bandwidth 


The tuned class C amplifier is a linear amplifier. 
True False 


The bandwidth of a tuned Class C amplifier is dependent upon : 


(a) transistor beta (b) tank circuit Q 
(c) type of circuit bias (d) It is always a fixed value 
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DIRECT-COUPLED 
AMPLIFIERS 


INTRODUCTION 


: The direct coupled amplifier is used where low frequencies need to be amplified. 
! In this experiment you will construct a direct coupled amplifier and will measure 
: AC and DC levels and amplifier gain. 

The troubleshooting section will let you explore the effect of transistor fail- 
: ures on a direct coupled amplifier. You will simulate device failures and make 
: measurements to see the effect of the fault. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 6, Section 6.7 


_ OBJECTIVES 
: In this experiment you will: 
Y Gain knowledge of the direct coupled amplifier 


Y Understand the difference between direct and capacitively coupled 
amplifiers 


Y Learn to relate measured circuit values to a transistor failure 


_ EQUIPMENT AND MATERIALS 


DC power supply [2] 

Digital multimeter 

Oscilloscope 

Function generator 

Circuit protoboard 

NPN transistors [2], 2N3904 or equivalent 
Resistors: 2.2 kQ [2], 4.7 kQ, 10 kQ, 18 kQ 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Refer to the circuit of Figure 26.1. To operate properly with the 
function generator, your direct-coupled amplifier must have the AC 
signal referenced to ground. Basically, this means that your func- 
tion generator must have an output that swings positive and nega- 
tive around a 0-V (ground) potential. The alternative would be to 
bias the function generator so that the positive and negative alterna- 
tions would change above and below a reference potential, for ex- 
ample +1 V rather than a 0-V ground potential. 


This circuit criterion could be met using a PNP Darlington amplifier 
like your text diagram of Figure 7.50. Your amplifier instead uses 
an emitter bias so that the base of Q is at ground potential. Notice 
that although the first stage looks somewhat like a common base 
circuit, it is really a common emitter amplifier. 


2. Construct the circuit of Figure 26.1. 


Note: If your generator does not provide a ground return path, 
connect a 2.2-kO resistor in parallel with the generator (from 
the base of Q: to ground). Figure 26.1 


3. Connect DC power to your circuit. Use a 2.2-kQ resistor in place of your 
function generator. Measure and record the following DC voltages of 
your amplifier: 


Vai = VeE1 = Voi = 


4. Set your function generator to provide an output of 1 kHz at 200 mVp-p, 
and connect it to your amplifier. 


5. Measure the input and output signals for each stage of your amplifier. , In step 4, if your function gener- 


: ator has an offset control, this 

Stage 1: : must be adjusted so that there is 
: ho DC offset of your signal. 

Vin = Vol = ' Your amplifier will amplify any 
: DC offset just as well as an AC 

Stage 2: : signal. 

VB2 = Vo2 = : 

6. From your data of step 5, calculate the individual stage gains and the total | 
amplifier gain. . 
Avi= Av2= AvT= 


7. Your amplifier is capable of operation down to DC. Although a specific 
measurement is not required in this step, adjust your function generator 
to the lowest frequency you can comfortably work with on your scope, 
and verify that the amplifier gain is the same as that of step 6. 


8. To measure your amplifier operation with a DC input, disconnect the sig- 
nal generator and 2.2-kQ resistor, if used. 
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To +20 V 


10kQ To Q, base 
Potentiometer 


To -5V 


Figure 26.2 
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9. Connect the voltage divider network of Figure 26.2. Monitor the DC input 


(to 100 mV positive or negative) and measure the DC level change at the 
amplifier. 


| SECTION II TROUBLESHOOTING 


Fault 1 - Transistor Q2 has a base-emitter short. 


1. With the circuit of Figure 26.1, ensure that power is off. Jumper the 
B-to-E junction of Q2. Replace power and inject a 200-mVp.p, 1-kHz 
signal at the base of Q:. Measure the AC and DC levels. 


Note these measurements in a table or notes of your own. 


: 2. Remove power. 


Fault 2 - Transistor Qi has a base-emitter short. 


1. Tum off circuit power. Remove the jumper at Q2 and jumper Q; the base to 
the emitter. 


: 2. Measure the circuit DC and AC voltage levels and record in a table or 


notes of your design. 


_ DISCUSSION 


Section I 


1. The gain of your direct coupled amplifier was significantly less than that 
of a capacitively coupled amplifier like that of Experiment 21. Identify 
one major factor responsible for the low gain, and explain why this fac- 
tor caused the low gain. 


2. It isa given that an advantage of a direct coupled amplifier is the ability 


to operate from DC to some high frequency. 


Considering your amplifier of Figure 26.1, identify and explain 
what you believe are two disadvantages of the direct coupled ampli- 
fier. 


Section II 


1. What effect did the B-to-E short of Q2 have on the overall circuit? Did the 
Q» failure affect the signal at the collector of Q:? 


2. Using your measured data for Fault 2 (base-to-emitter short of Q:), 


identify and give your rationale for each of the following: 


a. Ifyou could use only one piece of test equipment for troubleshooting, 
what would you choose? 


b. What is the minimum number of different measurements you would 
need to confirm the specific failure of Q1 (base-to-emitter short)? 


3. Describe the method you employed to isolate the problem your instructor 
or lab partner inserted into your amplifier. 


Quick Check 

1. The direct coupled amplifier is used when low frequency signals need to 
be amplified. 
True False 


2. Inadirect coupled amplifier, the dc collector voltage of the first stage does 
not affect the base voltage of the second stage. 


True False 


3. The dc level at the base of Q2 was approximately ; 


(a) 10.2V (b) 4.0 V 
(c)3.6V (d) 2.3V 


4. The load that the second stage of Figure 26.1 presents to the first stage is 


(a)B-r’e, (b) Ra/B 
(c)R4+B (d) (Ra+r“e,)-B 


5. Typically you would expect the gain of a direct coupled amplifier to be 
greater than that of an equivalent capacitively coupled amplifier. 


True False 
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2d 


JFET 
CHARACTERISTICS 


INTRODUCTION 


: Remember that the JFET is a voltage-controlled device because there is no cur- 
: rent through the gate. Because the JFET has essentially no input gate current, it 
: is a very high input impedance device and has application where an exception- 
: ally high input impedance is required. An example is the input stage in an elec- 
i tronic voltmeter. 


In this experiment you will construct two circuits, one to measure pinch-off 


; voltage and the other to measure the transconductance curve of the JFET. 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 7, Section 7.1 


_ OBJECTIVES 


In this experiment you will: 
¥ Experimentally determine the relationship between Vps, Ip, and Vp 


v Experimentally determine the relationship of Ip versus Vacs 


_ EQUIPMENT AND MATERIALS 


DC power supply [2] 

Digital multimeter [2] 

Circuit protoboard 

N-channel JFET, 2N3819 or MPF102 or equivalent 
Resistor, 100 Q 

Potentiometer, 20 kQ 


SECTION I FUNCTIONAL EXPERIMENT 


Measuring Pinch-Off Voltage, Vp (A) 
1. Construct the circuit in Figure 27.1. ! (V) 


2. Set the DC power supply for zero volts, and connect the power supply to 
your circuit. Measure and record in Table 27.1 the value of Ip. 


3. Carefully increase the power supply output until Vps is 500 mV +20 mV. Figure 27.1 
Record Ip and Vps in Table 27.1. 


Repeat step 3 for all the values of Vps in Table 27.1. 


woe 


Once you have completed the table, graph the data onto Graph 27.1. Your : 
graph should resemble that of your text Figure 27.5. 


6. From your graph, determine the value of Vp and record it below. 
Vp = 


(mA) 


-"~ NWA OM 


0 123 45 6 7 8 9 1011 12 13 14 15 


Vos 
(Volts) 


Graph 27.1 Table 27.1 
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Measuring Cutoff Voltage, VGscoff) 


1. Construct the circuit in Figure 27.2. 


2. Adjust Vpp to zero volts and adjust the gate resistor until Vgs is als 
zero. 


3. Increase Vpp until pinch-off is reached. 


4. Increase Vgs in the negative direction until Ip goes to zero. This is 


Vesa. 
Figure 27.2 oon 


Veas(off) = 


| 5. Increase Vs to each of the values in Table 27.2. Measure and record in 
Table 27.2 the value of Ip for each Ves value. 


Note: Omit those values that are greater (more negative) than the 
Vascoff). 


| 6. Plot the data in Table 27.2 onto Graph 27.2. Your graph should resemble 
the graph in Figure 7.9 of your textbook. 


(mA) 


-15-14-13-12-11-10-9 -8 -7 6 5-4 -3 -2-1 0 


Ves 
(Volts) 


Graph 27.2 
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DISCUSSION 


1. Referring to the data in Table 27.1 and Graph 27.1, was there a point 
where the Ip no longer increased as Vps increased? What is this charac- 
teristic called? At what point did this occur? 


2. Describe the term pinch-off. What affects this characteristic? 


3. Referring to the data in Table 27.2 and Graph 27.2, at which point does 
Vps = Vp? 


4. Explain the terms Vps, Vos, Vpp, and Vss. How do they relate to a 
BJT? 


5. Was any current measured when V¢s = Vescor? 


6. Why is it necessary for Vc to be negative in relationship to Vs? Can any 
damage occur the JFET if the Ves goes positive? Explain. 


Quick Check 

1. The drain, source, and gate of the JFET correspond to the collector, 
emitter, and base of the BJT. 
True False 

2. The arrow in a schematic drawing of a JFET points toward the P-type 
material. 
True False 

3. indicates the area where Ip stabilizes and any increase in Vps will 
not result in an increase in Ip. 
(a) Rolloff (b) Cutoff 
(c) Pinch-off (d) Transconductance 


4. The term that defines the relationship between Ip and Vgs is called : 


(a) rolloff (b) cutoff 
(c) pinch-off (d) transconductance 
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SELF-BIASED JFET 


INTRODUCTION 


: Self-bias ofa JFET is a simple, yet reasonably effective, bias method. Compared 
: to gate bias, self-bias provides a degree of current stabilization not possible with 
: gate bias. In this experiment, you will determine the value of source resistance 
needed to bias a common source stage. Then you will construct and test the 
! self-biased JFET circuit. 

In the troubleshooting section you will simulate component failures and, 
: through measurement of circuit parameters, observe the fault effect on the cir- 
: cuit. 


: REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 7, Section 7.2 


_ OBJECTIVES 

: In this experiment you will: 
v Experimentally determine the DC characteristics of a self-biased JFET 
Y Verify your ability to produce a predicted Q point 


Y Determine the effect of a failed component on circuit parameters 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

N-channel JFET, 2N5459 or equivalent 
Resistors: 2.2 kQ, 100 kQ, 1 MQ 
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SECTION I FUNCTIONAL EXPERIMENT 


In the procedure steps that follow, you will determine the value of source resis- 
tance to bias a common source stage, construct the circuit, and measure the DC | 
circuit parameters to verify your selection value. 


1. From the data sheet for a 2N5459 JFET, obtain and record the following 
minimum and maximum parameters. 


Minimum: 
Vascoff) = Ipss = 
Maximum: 
Vascoff) = Ipss = 


From these data you will calculate a set of minimum and a set of 
maximum tables of Ip versus Ves. Then using your tabled data, you 
will draw two transconductance curves (minimum and maximum) 
for the JFET. 


2. Calculate for the minimum and maximum levels in Table 28.1 the values 
of Ip for three values of Vgs that fall in the range between Ves = 0 and 


2 
Vascor). Use the formula Ip = Ipss ( - va : 


3. Plot your tabled data on Graph 28.1. Your plotted data should resemble 
- your text Figure 7.19. 


4. Select a load line that will pass through approximately the center of the 
minimum value transconductance curve and extend the straight line 
through the maximum value transconductance curve. Following example 
7.5 in your text, determine the value of R, represented by that line and re- 
cord the resistance value. 


Calculated R, = 
Standard R, = 


Table 28.1 
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10 8 £6 4-4 
Ves 
(Volts) 
Graph 28.1 
Vop 
+30 V 
Ro 
2.2kQ 
Q1 
Re 
100 kQ Rs 
Figure 28.1 
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-2 


Select the closest standard resistor value to your cal- 


16 culated resistance and record above. For example, 
44 if your calculated value was 509 Q, use 470 Q. Plot 
the standard resistance value on your transconduc- 
‘3 tance curves and read from each curve the Q point 
Ip value. Record these below. 
10 Minimum Ip = 
8 Maximum Ip = 
Ip 
g (MA) You now know the two limit values of Ip for your 
circuit with the value of Rs you have determined. 
4 5. Construct the circuit of Figure 28.1 using your standard 
resistor Rs for the source resistance. 
2 
6. Apply circuit power. Measure and record the following 
circuit values: 
0 
Ip= Vs = 
Vp = Vas = 


7. The value of Ip that you measured should fall between the minimum and 
maximum values you recorded in step 4. If there is a minor discrepancy 
as a result of curve accuracy plot or meter tolerance, you may disregard 
it. In the event of a major difference, recheck your transconductance 
curve and Q point plot of Rs. 


With this work, you have established the ability to verify that self-bias of a JFET 
can predict and establish a Q point within device limits. This completes the first 
section of your experiment. 


| SECTION II TROUBLESHOOTING 
| Fault I - Source resistor Rs open 


| 1. With the circuit power off, remove Rs and replace it with a 1-MQ resistor. 


2. Reapply circuit power. Measure and record the following circuit values: 


Ip= Vs= 


Vp= 


| Fault 2 - Drain resistor Rp open 

| 1. With circuit power off, remove the 1-MQ source resistance and replace it 
with the correct resistor. Remove the 2.2-kQ drain resistor and replace it 

with a 1-MQ resistor. 


i 
} 
H 
: 
i 
| 
: 
f 
} 
j 
} 
i 
i 
5 


Vos = 


2. Apply circuit power. Measure and record the following circuit values: 
Ip = Vs = 
Vp = Vas = 


| 
| 
i 
| 
| 
| 
j 


DISCUSSION 


Section I 


i, 


You went through a fairly extensive process to establish a self-biased 
JFET. Describe what you gained from taking this approach to circuit ex- 
ploration. 


2. Could you put any 2N5459 JFET in your circuit of Figure 28.1 with the 
value of Rs that you determined and be certain of the knowledge of Q 
point? Discuss the reasons for your answer. 

Section II 


Fault 1 - Source resistor Rs open 


Is there another component failure that would produce the same readings 
you obtained for this fault, for example, an intemal open in the JFET 
source lead? Discuss the effect that this device failure would have on the 
measured circuit values. 


Fault 2 - Drain resistor Rp open 


Do your measured data for this fault prove the failure of Rs? Discuss 
this and describe, if appropriate, any additional measurements necessary 
to isolate the failure to Rp. 


Quick Check 


I. 


Self-biasing places the gate at a fixed voltage. 
True False 
Self-biasing is an improvement over 


(a) gate bias (b) emitter bias 
(c) current-source bias (d) voltage-divider bias 


A JFET is usually operated in forward bias mode. 
True False 


In a self-biased mode, the voltage at the gate is F 


(a) equal to Vs (b) greater than Vs 
(c) zero (d) equal to Vp 
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29 


VOLTAGE DIVIDER 
BIAS 


INTRODUCTION 


Like the self-biased JFET, the voltage divider is also a good method of stabilizing 
the Q point. Also, like in the BJT, the Vg will be referenced to ground. Therefore, 


R2 
Vru = 
TH G 4 %| x Vpp 


In this experiment you will construct a voltage divider JFET circuit, and you 


will calculate and measure Vs, Va, Ip, and Vp. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 7, Section 7.3 


_ OBJECTIVES 


In this experiment you will: 


Y Become familiar with the characteristics of the voltage divider JFET 


Y Observe the effect of circuit component failures on circuit parameters 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

Resistors: 1 kQ, 2.2 kQ [2], 4.7 kQ, 1 MQ 
N-channel JFET, 2N5459 or equivalent 


SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit in Figure 29.1. 


2. Apply DC power. Measure and record the following circuit values. 


Vp = VG= 
Vs = Ves = 
Ip = 


3. Your measured Q point should lie on the circuit load line between the 
minimum and maximum Q points. Using the data of Experiment 28, plot 
the minimum and maximum transconductance curves on Graph 29.1. 


4. Plot the load line for your circuit on Graph 29.1. From the load line, read 
the minimum and maximum Ip values and record below. 


Min Ip = Max Ip = 


Your measured Ip should fall in the range of values between the Ip 
values recorded above. 


A Q point value that is out of range by a small amount accounted for by meter 
tolerance or curve accuracy is acceptable. In the event of greater differences, you : 


should recheck your measurements and your plotted data of Graph 29.1. 


5. If you want to explore voltage divider biasing further, select a 
new load line on your transconductance plot of Graph 29.1. Try 
an ideal Ip of approximately half the value of the circuit of Fig- 
ure 29.1. Calculate the new value of Rs and take the closest 
standard resistor size. Record the selected value of Rs below. 


Rs = 


6. From the plot of Graph 29.1, determine the new minimum and 
maximum values of Ip and record below. 


Min Ip = Max Ip = 


7. Install the new Rs in your circuit and measure and record the 
quiescent circuit values below. 
Ip = Vs = 
Vp= 


You should find that the new quiescent value of Ip falls be- 
tween the predicted minimum and maximum values. 


Ves = 


VOLTAGE DIVIDER BIAS 


O+10V 


1kQ 


Figure 29.1 


If you did not do Experiment 
: 28, you can follow steps 1 and 
: 2 in Experiment 28 to obtain 


: the data points for the transcon- 
: ductance curves. 
16 
14 
12 
10 
8 
Ip 
6 (mA) 
4 
2 
& 4 -2 0 
Ves 
(Volts) 
Graph 29.1 
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SECTION II TROUBLESHOOTING 


: Fault 1 - Divider resistor Ry open 
| 1. With circuit power off, remove the 4.7-kQ (Ri) resistor and replace it with 
a 1-MQ resistor. 


; 2. Apply circuit power. Measure and record the below listed circuit DC values. 


Ip= Vc= 
Vp = Ves = 
Vs= 


: Fault 2 - JFET gate-source shorted 
'1. With circuit power off, remove the 1-MQ resistor and replace it with the 


correct Ry 4.7-kQ resistor. Place a jumper wire from gate to source of the 
JFET. 


; 2. Apply circuit power. Measure and record the following DC 
circuit values. 


DISCUSSION 


Section I 


‘1. Looking at the predicted minimum and maximum values of Ip (step 4) 

and the load line you plotted in step 4, can you agree that voltage divider 
bias produces a smaller range for Ip than self-bias? Discuss this, explain- 
ing why voltage divider bias accomplishes this result. 


2. In your voltage divider biased circuit of Figure 29.1, the voltage divider 
resistors are 4.7 kQ and 2.2 kQ. Would the circuit function equally well 
if the divider resistors were 4.7 MQ and 2.2 MQ? Discuss this and ex- 


plain why you think the smaller and larger resistance values might be pre- 
ferred. 


: Section II 


: Fault 1 - Divider resistor Ry open 
You should have found that with R; open, the circuit continued to 
function, although at a different Q point. Discuss why the circuit operates 
at a different Q point and how you would identify this circuit failure. 
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Fault 2 - JFET gate-source shorted 
You should have found with this fault that the circuit still was functional 
although the Q point had made a significant shift. Discuss how you could 
be certain that the circuit had a failure and what additional (if any) meas- 
urements you would make to isolate the failure to the JFET. 


Quick Check 
1. A voltage divider biased JFET has a stable Q point. 
True False 


2. The voltage divider biased JFET has a stable Q point because the slope of 
the DC lead line is nearly horizontal. 


True False 
3. An open source will result in 


(a) high Ip current (b) no Ip current 
(c) an increase in Vpp (d) a change in Vg 


4. Ina voltage divider biased network the gate voltage is referenced to ground. 


True False 

5. In comparing a BJT and JFET, Inss is the JFET equivalent to the BJT 
Icsar. 
True False 
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CURRENT SOURCE 
BIASED JFET 


INTRODUCTION 


' Of the various biasing methods for a JFET, current source biasing provides the 
: most predictable and JFET independent Q point. Current source biasing has 
: some limitations in amplifier circuits, and its applications are generally limited 
: to low-drift DC amplifiers and source-coupled differential pairs. 

This experiment will allow you to explore a JFET circuit using a BJT for the 
: current source biasing. You will set up a basic circuit, test circuit value, and then 
: predict and test a modified circuit. 

In the troubleshooting section you will simulate circuit component faults 
: and make measurements to see the effect of the faults. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 7, Section 7.3 


: OBJECTIVES 

: Through this experiment you will: 
Y Understand the characteristics of current source bias of a JFET 
Y Be able to determine circuit values and predict the JFET Q point 


Y Be able to relate measured circuit parameters to the circuit fault 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

N-channel JFET, 2N5459 or equivalent 
NPN transistor, 2N3904 or equivalent 
Resistors: 4.7 kQ [2], 10 kQ, 100 kQ, 1 MQ 
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SECTIONI FUNCTIONAL EXPERIMENT 


1. Construct the circuit in Figure 30.1. 


2. Apply DC power to your circuit. Measure and record the DC circuit 
values included in Table 3.1. 


3. For the circuit of Figure 30.1, calculate the value of Iz and record it in 
Table 30.1. 


4. You should find, within component and equipment measurement accuracy, 
close agreement with the measured Ip of step 2 and the calculated value 
of step 3. 


5. Calculate and select a new value of Rg (a standard resistor value) to 


produce an Ip in the range of 0.75 to 0.95 mA. Record your selected a 
value in Table 30.1. With circuit DC power tumed off, install the new ; 
emitter resistor. Figure 30.1 


Note: Current source biasing has the limitation that 
the current source cannot exceed the JFET minimum 
value of Ipss. 


6. Apply DC power. Measure and record in 
Table 30.1 the required circuit values. 


This completes the measurements of Section I. 


Table 30. 


SECTION II TROUBLESHOOTING 


Fault 1 - BJT inoperative 
1. Ensure that DC power is off. 


2. Tum the BJT off by shorting the base to emitter. What effect do you 
predict this will have on the circuit? 
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In this circuit, the operating 
characteristics of the JFET 
are dependent upon the 
BJT: any problem in the 
BJT will result in a problem 
in the JFET circuit. There- 
fore, a knowledge of the op- 
erating characteristics of 
both types of devices is nec- 
essary, SO you may want to 
review the basic operating 
characteristics of the BJT. 
Also, careful measurement 
must be taken to ensure ac- 
curate evaluation. 
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3. Measure the appropriate voltages. What significant changes do you ob- 


serve? What happened to Ip, for example? 


Fault 2 - Emitter resistor open 
: 1. Tum th power off, restore the BJT to operate properly, and replace the 


emitter resistor with a 1-MQ resistor. Note below the effect you expect 
with this fault. 


2. Tum on the power and measure the appropriate voltages. Were there any 


changes to Vp, Vp, or Ip? How do your measurements match your pre- 
dictions? 


_ DISCUSSION 


, Section I 


1. In the Introduction it was stated that current source biasing provides a Q 


point that is JFET independent. Discuss this statement and explain your 
reasons for believing that it is true or not true. 


2. In Procedure step 5 it was noted that the current source should not exceed 


the JFET minimum value of Ipss. Discuss this statement and indicate 
why you think this limitation is placed on current source bias. 


Section II 


Fault I - BJT inoperative 


Refer to the measurements you made for this fault. Do your measured 
data clearly indicate a BJT failure? In your answer, cite the measured 
data to illustrate and support your response. 


Fault 2 - Emitter resistor open 
1. Do your measured data conclusively prove Re failure? If your answer is 
yes, cite the measurement data. If your answer is no, explain what meas- 


urements you would make. 

Quick Check 

1. Inacurrent source biased JFET, is there any noticeable change in Ip as 
Vas changes? 
Yes No 

2. The BJT must be forward biased at all times to ensure a constant current 
source for the JFET. 
True False 


3. What was the gate voltage, Va, of the JFET? 


(a)-2V (b)2V 
(c) OV (d) Ve= Ve 


4. Current source biasing provides the most stable Q for the JFET. 
True False 


5. Witha4.7kQ Reg the V¢ at the emitter was approximately : 


(a) 3.1V (b) -9.3.V 
(c)0.7V (d) -0.7V 
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COMMON-SOURCE 
JFET AMPLIFIERS 


INTRODUCTION 


! The common-source JFET amplifier is a good choice for single-ended DC and 
: general-purpose AC amplifiers. The common-source JFET amplifier has the 
: same general characteristics of the common emitter BJT amplifier. However, the 
: voltage gain of the JFET amplifier is less than that of the BJT. 

In this experiment you will construct and explore the characteristics of a 
' common-source JFET amplifier. You will measure both the DC and AC circuit 
: values and voltage gain, comparing them to your estimated values. 

In the troubleshooting section, you will simulate a component failure and 
: will measure circuit values to observe the effect of the fault. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 7, Section 7.5 


_ OBJECTIVES 
: Through this experiment you will: 


Y Understand the operating characteristics of a common-source amplifier 


¥ Observe the similarities of the common-source amplifier with those of 
the BJT common emitter amplifier 


Y Be able to relate measured circuit values to circuit fault 


: EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Dual-channel oscilloscope 

Digital multimeter 

Circuit protoboard 

N-channel JFET, 2N5459 or equivalent 
Resistors: 2.7 kQ, 4.7 kQ, 10 kQ, 1 MQ 
Capacitors: 0.1 pF, 10 pF 
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SECTIONI FUNCTIONAL EXPERIMENT 


Figure 31.1 


1. Build the circuit shown in Figure 31.1. Temporarily omit Ri. Set the DC 
power supply for a Vpp of 12 V. 


2. Measure and record the following DC parameters: 
Ve= Vee 
Vp = Vos = 

3. Using the values of Vs and Rs, calculate Ip. 
ID = 


4. Set the function generator for an input voltage of 500 mVp.p at a frequency | 
of 1 kHz. Measure the amplitude and frequency of the input with the 
oscilloscope. 


Vin = f= 


6. Connect your oscilloscope channel 1 to the signal input (junction of C;, 
Rg ,and JFET gate) and channel 2 to the amplifier output. 


7. Measure and record Vou and the phase difference between the signal input 


and the amplifier output. 

Vout = (unloaded) 
Vout = (loaded) 
Phase shift = Vs = 


Connect the load resistor (RL), and measure and record the loaded 
amplifier output. Also measure and record the AC signal at the 


JFET source. Note: This signal should be es- 
sentially zero volts. 
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10. 


From the data of steps 5 and 7, calculate both the loaded and unloaded volt- 
age gain of your amplifier. 


Ay = AvL= 


Obtain and record below the typical (midrange) values of gmo and Vesior) 
from this specification sheet for the 2N5459. 


mo = Vasvoff) 


Using the data of step 9 and the Vcs value recorded in step 3, calculate 
and record the value of gm for your operating point. 


£m = 


Calculate the predicted loaded voltage gain for your amplifier, where 
Avi = gmtp and rp = Rp || Ri 


Predicted Avi = 


How well does your predicted gain compare to your measured loaded 
gain? 


| SECTION Il. TROUBLESHOOTING 


Fault 1 - Source bypass capacitor open 
ae 


Ensure that the DC power is off. Simulate the loss of the bypass capacitor 
by disconnecting the ground lead of C3 from the circuit. 
2. Measure and record the output voltage across Ry and then the AC signal 
at the JFET source with CH 2 of the oscilloscope. Record the result 
; below: 
Vout = Vs= Avi = 
3. Compare the output values just obtained with those from Section I, steps 
i 7 and 8. Note the decrease in Vout. 
: DISCUSSION 
| Section I 

The common source amplifier is the FET equivalent to the BJT common 


emitter amplifier. If both types produce similar outputs, discuss why it 
may be advantageous to use an FET-based amplifier in place of a BJT- 
based type. 


2. Considering that the JFET is a nonlinear device, the Ip versus Vas 
relationship is parabolic. Discuss what is meant by nonlinear and what 
effect the JFET nonlinearity can have on the amplifier output. 


Section II 


1. The Avy of the amplifier was decreased when the C3 was removed from 
the circuit. From your observations during the experiment, describe how 
you could determine the cause of a reduced output, and the measure- 
ment(s) to prove the failure of the source bypass capacitor. 


Quick Check 
1. If gm = 3500 ymhos and Rp = 2.2 kQ, Ay = 
2. The output of the common-source amplifier is in phase with input. 


True False 


3. If C3 of Figure 31.] were to open, what changes would you expect to 
occur to the DC and AC parameters? 


For DC: 
For AC: 
4. What is the FET equivalent to the BJT DC load line? 
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COMMON-DRAIN 
JFET AMPLIFIERS 


INTRODUCTION 


: Just as BJT amplifier circuits are classified according to their configuration, and 
: each configuration has its own unique characteristics, the JFET amplifier is also 
: Classified according to its configuration. 

In this experiment you will construct a common-drain amplifier, the JFET 
: equivalent of the BJT common-collector amplifier, and you will make measure- 
: ments to evaluate this circuit configuration. 

In the troubleshooting section, you will simulate a circuit failure and meas- 
: ure the circuit parameters to see the effect of the fault. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 7, Section 7.5 


_ OBJECTIVES 
Through this experiment you will: 


Y Understand the operating characteristics of a common-drain amplifier 


¥ Experimentally verify the output impedance of the common-drain 
amplifier 


Y Be able to relate a circuit fault to circuit measured values 


, EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Dual-channel oscilloscope 

Digital multimeter 

Circuit protoboard 

N-channel JFET, 2N5459 or equivalent 
Resistors: 2.7 kQ, 10 kQ, 1 MQ 
Capacitors: 0.1 pF, 10 pF 


136 EXPERIMENT 32 


SECTIONI FUNCTIONAL EXPERIMENT 


1. Build the circuit shown in Figure 31.1. Set the DC power supply for a Vpp 
of 12 V. 


2. Measure and record the following DC parameters: 
Vo= Vs = 
Vp = Vas = 
Using the values of Vs and Rs, calculate Ip. 
Ip= 


3. Connect your function generator and set it to apply a 500-mVp.p, 1-kHz in- 
put signal. Connect your oscilloscope channel 1 to the signal input and 
channel 2 to the circuit output. Measure and record the peak-to-peak in- 
put and output circuit values. 


Vin = Vout = i 
4. Measure and record below the phase difference of the output to the input 

signal. 

Output phase = 


In the following steps, you will make measurements 


and a calculation to determine the output impedance Vwi 
of your common-drain amplifier. Your amplifier can 
be represented as a Thevenin source (Vs) with a Ri 
source impedance (Zs) driving a load resistance of Via 10 kQ 
Rx. See Figure 32.2. 
Cy 
100 HF 
Figure 32.1 
5. With circuit power off, disconnect Ri. Apply circuit power. Set the signal | 
input to 500 mV>p-p at 1 kHz. Carefully measure Vin and then the no-load: Zs 
Vout and record below. a 
Vin = Vout = (unloaded) : | 
The unloaded value of Vout is the value of Vs in the diagram of Figure 32.2. ve Be ae 
6. Tum circuit power off. Connect a 1-kQ load resistor. Reapply circuit ; | 
power and input signal. Ensure that the input signal is exactly the same 
as recorded in step 6. Measure and record the peak-to-peak loaded value: Figure 32.2 
of Vou. : 
Vout = (loaded) 
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Using the formula below, calculate the output impedance (Zs) of your 
common-drain amplifier. 


_RL(Vs~ Vout) 


Zs Vout 


Zs = 


! SECTION II_ TROUBLESHOOTING 


Fault I - Gate resistor Rg is open 


Ensure that you have the circuit of Figure 32.1 connected. Rg is used to 
keep the gate of the JFET at zero volts to prevent input signal loading. 
Simulate an open gate resistor by disconnecting the ground lead of Rc 
from the circuit. 


Apply circuit power and the 500-mV>.p, 1-kHz input signal. Use your 

i oscilloscope to measure the peak-to-peak signal input and output. Record 

the measured values below. 

Vin = Vout = 

3. Compare the output values just obtained with those from Section I, step 3. 

} Note the decrease in Vou. 

| DISCUSSION 

Section I 

1. The common-source amplifier is usually operated with a bypass capacitor 
to increase Ay. Because of the nonlinear nature of FET amplifiers, this 
could lead to distortion in the output. Discuss why there should be no dis- 
tortion in the output of a common-drain amplifier. 
Even though the gain of the common-drain amplifier is less than unity, the 


device can be useful in conjunction with other amplifier types and con- 
figurations. Discuss what major characteristics the common-drain ampli- 
fier has in common with its BJT equivalent, and how it may be useful. 


Section II 


The Av of the amplifier was further decreased when the Rg was opened. 
From your observations during the experiment, discuss how you could 
determine the cause of the circuit failure. 


Quick Check 


1. For the circuit of Figure 32.1, if gm = 3500 pS, Rs = 2.2 kQ, determine 
Av. 


Av= 


2. The output of the common-drain amplifier is in phase with the input. 
True False ; - 


3. What is the FET equivalent to the BJT DC load line? 


4. The gain of the common-drain amplifier could be increased by adding a 
source bypass capacitor. 


True False 
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oS 


BIASING D MOSFETS 


INTRODUCTION 


The D MOSFET is a depletion configuration device. It has a source-drain con- 
: ducting channel. The D MOSFET is unique because it can operate in both the 
' depletion and enhancement mode. 


You will, in this experiment, explore two different bias forms. The first is 


self-bias, where the MOSFET is configured to operate in the depletion mode. 
: The second bias form is the simplest and more typical no-bias form made pos- 
: sible by the enhancement capability of the D MOSFET. 


The second section of the experiment is troubleshooting. In this section, you 


will simulate faults and will make measurements of the circuit under fault con- 
: ditions in order to observe the effects of component failure. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 8, Section 8.4. 


_ OBJECTIVES 


In this experiment you will: 


Y Understand the characteristics of the D MOSFET 


Y Be able to relate measured circuit parameters to a circuit fault 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

N-channel D MOSFET, 2N3796 or equivalent 
Resistors: 820 Q, 3.9 kQ, 9.1 kQ, 47 kQ, 910 kQ, 1 MQ 


SECTIONI FUNCTIONAL EXPERIMENT 
Vo 
+20 V 
Rob 
3.9k Q 
Vout 
Vin Vin 
Re 
1MQ 
Figure 33.1 Figure 33.2 


1. Construct the circuit of Figure 33.1. Apply DC power. This circuit should 
operate with a small Ves value of approximately 0.5 V. 

2. Measure and record the following circuit values. 
Ip = Vs= 


Vp = Ves = 


3. Tum off the DC power. Modify your circuit to that of Figure 33.2. This is , 


the no-bias case, and Ipg will be Ipss. 


4. Apply DC power to your circuit. Measure and record the following circuit : 


values. 
Ip= Vs= 
Vp= Ves = 


5. The following Procedure steps will permit you to observe the enhance- 
ment mode of the D MOSFET. 


6. Tum circuit power off. Add the voltage divider of Figure 33.3 to the gate 
of your circuit. 

7. Reapply DC power. Measure the record the following circuit values. 
Ip= Vs = 

Vce= Vas = 


Can you confirm enhancement-mode operation by the increased 
value of Ip? 


Because the D MOSFET is 
a depletion-type device like 
the JFET, it may be biased 
using gate bias, self- bias, or 
voltage divider bias. Be- 
cause of its capability of op- 
erating in the enhancement 
mode, it can also be oper- 
ated with no bias. Your first 
circuit will use self-bias, 
and the second the simple 
no bias. 


CAUTION! YY 


MOSFETS are subject to 
damage by electrostatic dis- 
charge (ESD). Use care 
when handling these de- 
vices and follow ESD han- 
dling rules. 


+20 V 


To gate 
Ra 


47kQ 


Figure 33.3 
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SECTION II TROUBLESHOOTING 


Fault I - Gate resistor open 
1. With circuit power off, reconfigure your circuit to that of Figure 33.1. 
Disconnect the ground end of the 1-MQ gate resistor. 


2. Apply DC power. Measure and record the following circuit values. 
Ip= Vs = 
Vp= Voes= 


Fault 2 - Drain resistor open 
1. With circuit power off, reconnect the gate resistor. Remove the drain 
resistor and replace with a 1-MQ resistor. 


2. Apply DC power. Measure and record the following circuit values. 


Ip = Vs= 
Vp = Vos = 
DISCUSSION 
Section I 


1. Discuss the advantages and the disadvantages of the biasing forms 
covered in this experiment. 


2. Discuss the advantages and disadvantages of the D MOSFET compared to 
the JFET. 


Section II 


Fault 1 - Gate resistor open 
Did the open gate resistor cause the D MOSFET to stop conducting? 
Discuss the circuit response to this failure mode by explaining how the 
open gate resistor affected the D MOSFET operation. 


Fault 2 - Drain resistor open 
Did your measured data for this failure prove the failure to be a specific 
component? Describe, as appropriate, measurement to prove the failure 
of the drain resistor. 


Quick Check 


1. 


In the zero-bias circuit, Rg must be at least 1] MQ. 
True False 


In a voltage divider, Vpp = 12 V, R1 = 100 MQ, R2 = 22 MQ. Determine 
Vr2. 


VR = 
The advantage of zero bias over voltage divider bias is 


(a) greater gain (b) thermal stability 
(c) simplicity of construction (d) lower gain 


When a D MOSFET is operated in a zero-bias circuit, the value of Ipg is 


(a) Ibo (b) Ipss 
(c) Ipjon) 


Both the D MOSFET and E MOSFET will function properly in a zero- 
bias circuit. 


True False 
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34 


MOSFET AMPLIFIERS 


INTRODUCTION 


: The capability of operating with no bias and a gate signal of either polarity lets 
: the D MOSFET function as an amplifier with very simple circuitry. Its main 
: disadvantage is that it has a higher noise performance than does the JFET. 

In this experiment you will construct and test a depletion-mode MOSFET 
: amplifier. You will observe and verify the MOSFET advantage over a JFET as 
: well as the general FET square law effect when operating a large signal. 

: The troubleshooting section will let you examine the amplifier circuit pa- 
: rameters with a fault inserted. You will be able to see the effect on the AC and 
: DC circuit values for your simulated failure. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 8, Sections 8.4 
and 8.5. 


| OBJECTIVE 
Through this experiment, you will: 


¥ Understand the operating characteristics of MOSFET common source 
amplifiers 


Y Observe the similarities of the MOSFET common-source amplifier 
compared with those of JFET amplifiers 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Dual-trace oscilloscope 

Digital multimeter 

Function generator 

Circuit Protoboard 

N-channel D MOSFET, 2N3796 or equivalent 
Resistor, 4.6 kQ 

Capacitors: 0.1 wF, 10 pF 


SECTION I FUNCTIONAL EXPERIMENT 


1. Build the zero-biased D MOSFET common-source amplifier cir- 
cuit shown in Figure 34.1. Set the DC power supply for a Vpp of 20 V. 


2. Measure and record the following DC parameters: 


Vo= Vp = Ip= 
Since Ves = 0, it follows that Ip = Ipss 
3. Connect your function generator to provide a 500 mVp-p sinewave Vop 
input signal at 1 kHz to your circuit input. Connect the oscillo- +20V 
scope channel | to the input signal at C, and channel 2 to the cir- Ro 
cuit output at C. 47kaS © 
Measure and record the peak-to-peak values of the input sig- C; Vout 
nal and output signal and the phase difference between the in- 
put and output. V o— 
Vin = Vout = Re 
Q 
Phase difference = we 
4. From your data of step 3, calculate the gain of your MOSFET ampli- = = 
fier. 
Av= Figure 34.1 


5. Observe carefully the amplifier input and output waveforms. The output 
should be a close replica of the input signal—a uniform sinusoidal wave- 
form. 


6. With your oscilloscope connected as in step 3, increase the input signal 
amplitude to 2.5 Vp-p. If this causes output signal clipping, reduce the in- 
put to obtain as large a signal as possible without clipping. Examine the 
output waveform. Is it still a uniform, undistorted sine wave? Which part 
of the output is exaggerated—the positive or negative portion? 


7. Step 6 illustrates the square law distortion of an FET device. The distortion: 
is not readily apparent when operating a small signal, but it is more 
clearly observed in large signal operation. 


‘SECTION II TROUBLESHOOTING 


Fault 1 - Gate resistor open 
1. Tum off circuit power. Disconnect the ground end of the 1-MQ gate 
resistor. Disconnect the function generator. 


2. Apply DC power. Measure and record the DC values of Ip and Vp. 
Ip= Vp = 
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Use a second DMM; connect it to the gate of the MOSFET. Leave 
this meter connected for all of the following measurements. Meas- 
ure and record Vg, Vp, and Ip. 


Ve=_—CVi= Ip= 


3. With Rg still disconnected, disconnect the DMMs. Connect your function 

i generator to supply a Vin signal to 500 mVp.p at 1 kHz. Connect your os- 
cilloscope as you did in Section I, step 3, and repeat the measurements of 
step 3. 


Vin 
Phase difference = 


Vout = 


| DISCUSSION 


: Section I 


1. The MOSFET common source amplifier is another alternative to the BJT 
: devices. Discuss the possible advantages of the MOSFET over the JFET 
and BJT amplifiers. 


2. Refer to your data observations of Procedure steps 5 and 6 and the 

i 2N3796 drain characteristic curves. Discuss the effect of large signal dis- 
tortion. Is this explained by the drain characteristic curves, and if so, 
how? 


Section II 


: Fault 1 - Gate resistor open 

i 1. You should have found that the data measured in Procedure step 2 were 

i the same as in step 2 in Section I. Discuss this and indicate why you 
should have expected the same results. 


2. Compare the data of step 4 and Section I step 3. Are these data sufficient 
to prove a failed gate resistor? Would the DC measurements of step 2 be 
sufficient? 


In your response, indicate what additional tests you would make, if 
necessary, to isolate this fault. 


Quick Check 
/ 1. If gm=3500 umhos and Rp = 4.7 kQ, determine Av. 
H Ay z 
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The output of the common-source amplifier is in phase with the input. 


True False 


If Rg of the circuit of Figure 34.1 were open, only the MOSFET circuit 
DC parameters would be affected. 


True False 


For the circuit of Figure 34.1, an enhancement MOSFET could be substi- 
tuted for the 2N3796 with no change in AC parameters. 


True False 


MOSFET AMPLIFIERS 147 


39 


BJT SWITCHES 


INTRODUCTION 


: Transistor switches can be useful as replacements for mechanical switches, Even 
: though the transistor switch is not perfect, it still has advantages over the me- 
: Chanical switch. A solid state switch eliminates the problems of moving elements 
: and mechanical contacts, thereby providing reliability and greater operating 
' speed. 
This experiment will examine the transistor switch and some of the parame- 
: ters that affect circuit performance. Switching speeds and delay times will be 
: examined. You will also verify that the addition of a speed-up capacitor can 
: improve switching speed. In the troubleshooting part of this experiment, you will 
: simulate two faults in the transistor switch circuit and will measure the resulting 
: circuit parameters. 


: REFERENCE 
: Principles of Electronic Devices and Circuits - Chapter 9, Sections 9.1 
and 9.2 
OBJECTIVES 
After completing this experiment you will: 
Vv Be able to determine whether a BJT is operating correctly as a switch 


v Have experimentally verified the switching speed limitations of a 
transistor switch 


V Know how to improve the switching speeds of a BJT switch using 
speed-up capacitors 


Y Be able to relate measured circuit parameters to failed components 


_ EQUIPMENT AND MATERIALS 


DC power supply NPN transistor, 2N3904 or equivalent 
Dual-trace oscilloscope Small-signal diode, 1N914 or similar 
Circuit protoboard Resistors: 1.5 kQ, 4.7 kQ, 47 kQ, 1 MQ 
Digital multimeter 47 pF capacitor 
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SECTIONI FUNCTIONAL EXPERIMENT 


1. Connect the circuit in Figure 35.1. Do not apply an input signal at this time. 
2. Measure and record the following: 
Vpo VE= Ve= 
3. Voltage measurements should indicate that the transistor is in cutoff. 
4. Apply +5 V to the base of Q. Measure and record the following: 
VB= VE= Vc= 


5. Voltage measurements should indicate that the transistor is saturated. 
Based on these observations, would you say that Q: is behaving like a 
switch? 


Figure 35.1 


In the following Procedure steps you will measure the transistor switch response 

times to a square wave input. The input signal needs to be a square wave that 

transitions from 0 V to approximately +5 V and back. Your signal generator 

operating with a square wave output will not deliver the required waveform | 

since its square wave output swings from a negative level to a positive level ‘If your generator does not have 


operating around a 0-V reference. ‘a TTL output, you will need to 
ifeed the generator output 
6. Connect the signal input to your switch circuit. Set the ‘through a negative shunt clipper 
generator for an output frequency of 100 kHz. The input (Experiment 10). See Figure 
signal levels at Rg should be close to +5 V and 0 V. Brom 
7. Connect a dual-trace oscilloscope channel | to the signal ; 
input at Rp and channel 2 to the switch output at the col- Vin tke R we peas 


lector of the transistor. Apply DC power to the circuit. D; 40 kQ 
Adjust the oscilloscope to trigger on channel 1, and ad- 
just the sweep timing to display | cycle of input signal. 


Note: You may need to select + or - trigger levels 
and use the sweep multiplier to obtain the measure- Figure 35.2 
ments of the following Procedure steps. 


Your oscilloscope display should resemble the dia- 
gram of Figure 35.3. 


Your measurement of the transistor switch timing 


will be the measure of the times ton and tog as 
shown in Figure 35.3. This will simplify your meas- 
urements a bit, yet still serve to verify and illustrate Input 


the time delays in the switch circuit. Time ton is the signal 


ton —_ -~ —_ 


sum of ta and t,, and tog is the sum of t, and tr. Re- | 
fer to your text for descriptions of these BJT switch 


| 
] 
| 
times. Sie ae signal 
] 
8. Measure and record below the times ton and tofr. 90% -——~\! 


ton = tofr = 
Figure 35-3 
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9. Tum off circuit power. Install a 47 pF speed-up capacitor in parallel with 
Ry. See Figure 35.4. 


10. Reapply circuit power and repeat the ton and tog measurements of step 8. 
Record your measured values below. 


ton = tof = 


; 11. Compare the output waveforms. What conclusion can you draw about 
adding a speed-up capacitor to the circuit? 


Figure 35.4 


_ SECTION II_ TROUBLESHOOTING 


2 Fault I - Collector resistor open 


1. With circuit power off, and using the circuit of Figure 
35.2, remove the 1.5-kQ collector resistor and replace 
it with a 1-MQ. resistor. 


2. Apply circuit power. Apply the same input signal you 
used in Section I, step 7. Connect your oscilloscope 
channel 1 to the input signal at Re, and channel 2 to the 
output at the transistor collector. Set channel 2 to DC 
coupling. Sketch the output waveform in Graph 35.1, 
noting the collector DC level(s). 


Graph 35.1 


_ Fault 2 - Base-emitter junction leaky 
| 1. With circuit power off, replace Rc with the correct 1.5-kQ resistance. Con- 
nect a 4.7-kQ resistor from the transistor base to emitter. 


: 2. Apply circuit power and input signal. Using your oscilloscope set to DC 

coupling, measure the signal at the transistor base and the collector. 
Sketch the base waveform in Graph 35.2 and the collector waveform in 
Graph 35.3. Note the minimum and maximum DC signal levels. 


Remove the 4.7-kQ B-E resistor and observe the signal at the base 
again. Compare the scope waveform with your prior sketch of the 
base waveform. 
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Graph 35.2 
Base Waveform Collector Waveform 


DISCUSSION 


Section I 


1. Describe the benefits obtained by using a speed-up capacitor in the transis- 2 
tor switch circuit. Consider and discuss switch timing and output wave- 
form. 


2. The 2N3904 transistor has a maximum Ic rating of 200 mA. With this 
limitation, what are some applications you can suggest for a BJT switch? 


Section IT 


Fault 1 - Collector resistor open 
Looking at your measured data for Fault 1, do you think the data are 
sufficient to prove the failure of the collector resistor? 


If your answer is yes, explain how the data prove this conclusion. If 
your answer is no, cite the additional measurements you would 
make to prove the failed component. 


Fault 2 - Base-emitter junction leaky 
The measured data for this fault would point to a transistor failure. What 
additional measurements would you make to prove the transistor failure 
and the failure mode? 
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Quick Check 


: 1. Acommon-emitter configuration is most often used in transistor switches 
because 


(a) it gives current and voltage gain needed for switching 
(b) it is the most economical to build 

(c) it delivers slow transition time 

(d) it allows the use of a speed-up capacitor 


2. A transistor cannot be an ideal switch because 


(a) it can never be truly fully closed 
(b) it can never be truly fully open 
(c) it dissipates energy 

(d) all the above 


3. One way of speeding up the switching rate of a transistor is : 


(a) keep it in deep saturation 

(b) do not let it fully reach saturation 
(c) do not let it reach full cutoff 

(d) keep it fully cut off at all times 


4. A transistor switch without a speed-up capacitor 


(a) operates faster than one with a capacitor 
(b) has base-emitter delay time 

(c) offers a short circuit path across Rg 

(d) reduces the heavy saturation of tum-on 


5. Recovery time can best be described as ; 


(a) propagation delay 

(b) a healing process for the transistor 

(c) the time required for the speed-up capacitor to discharge 

(d) the time required for a transistor to oscillate freely without damping 
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BJT SCHMITT 
TRIGGER 


INTRODUCTION 


In today’s world of digital and industrial electronics, there is a requirement for : 
circuitry that can serve to detect or provide a squaring function. Schmitt triggers : 
can satisfy that requirement. They allow a slow-transition waveform to be con- | 
verted to a quick transition pulse waveform. 

In this experiment you will construct a BJT Schmitt trigger circuit and ob- : 
serve its operation. You will be observing non-square wave input signals and the : 
resulting square wave output signals. Switching characteristics such as upper : 
and lower threshold points will be calculated and verified. 

In the troubleshooting portion of this experiment you will examine two of : 
the functional limitations of the BJT Schmitt trigger. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 9, Section 9.3 


OBJECTIVES 
After completing this experiment, you will be able to: 


Y Build a BJT Schmitt trigger circuit 
Y Calculate and analyze upper and lower threshold voltage values 
v Determine the hysteresis voltage of a BJT Schmitt trigger 


Vv Experimentally determine and understand two of the functional limits 
of a discrete Schmitt trigger circuit 


EQUIPMENT AND MATERIALS 


DC power supply 

Oscilloscope 

Function generator 

Circuit protoboard 

NPN transistor [2], 2N3904 or equivalent 
Resistors: 1.2 kQ, 5.1 kQ, 8.2 kQ, 15 kQ, 47kQ 
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Figure 36.1 


SECTIONI FUNCTIONAL EXPERIMENT 


3, 
6. 
rp 


Graph 36.1 


9. 
10. 
11. 


Graph 36.2 
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EXPERIMENT 36 


Construct the circuit of Figure 36.1. Do not apply any 
input signal. 


Measure and record the following: 


VB VE 
Ve Vp2 
Ve2 Vc2 


The measured values should indicate that Q) is in cutoff 
and that Q2 is in saturation. 


Calculate the upper and lower threshold voltages, using 
the followign equations: 
__VecxRo _ 
Ri +Ri+Rp 
_VecxRe _ 


LIP = = 
Ri + Re 


The voltage level between the UTP and the LTP can be 
identified as the hysteresis. What is the hysteresis for 
this Schmitt trigger? 


Vis = Vatp - Vitp = 


Apply a 10-Vp-.p, 1-kHz triangular waveform to the base 
of Q:. Monitor this waveform on channel 1 of the os- 
cilloscope. 


Monitor the output at the collector of Q2 on channel 2 
of the scope. 


Sketch the waveforms in Graph 36.1. 


Describe the effect the Schmitt trigger has on a 
triangular waveform input. 


Change the input waveform to a 10-Vp.p, 1-kHz sine 
wave. Observe the output signal at the collector of Qo. 


Sketch the waveforms in Graph 36.2. 


SECTION II TROUBLESHOOTING 


With the function generator set to provide a 1-kHz triangular wave output at 
10 Vp-p, decrease the input voltage level until the output signal disap- ; 
pears. Measure and record the maximum peak-to-peak input signal that 


won’t produce an output signal. 
Vin = (no output) 

2. Increase the input to 10 Vp-p. Begin increasing frequency until the output 
waveform distorts. Measure and record the lowest-frequency input sig- h 
nal that produces a distorted output signal. ; 

: This may require increasing the 
f = i frequency significantly. 

DISCUSSION 

Section I 

1. Briefly give a functional description of the operation of the circuit of 
Figure 36.1. Be sure that your description includes the signal values at 
which the BJTs change state, and explain why. 

2. Describe a household operation that either uses or alternatively would be 
improved by the use of a BJT Schmitt trigger circuit. 

Section II 

1. Discuss the operation of your schmitt trigger with low level signals. Con- 
sider the output waveform with a triangular wave input in the range of 
3 to 5 Vp. 

2. Describe the effect of increasing the input frequency observed in step 2. 

Quick Check 

1. Initially, a Schmitt trigger operates under the condition where ; 


(a) both transistors are in cutoff 

(b) both transistors are in saturation 
(c) Qi is saturated and Q2 is in cutoff 
(d) Q) is in cutoff and Q2 is saturated 
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Schmitt triggers can be used as ‘ 


(a) linear amplifiers 
(c) waveshaping circuits 


The upper threshold point is . 


(a) usually higher than the LTP 
(c) usually lower than the LTP 


Hysteresis can be defined as : 


(a) a lagging effect 


(b) oscillators 
(d) variable power sources 


(b) always higher than the LTP 
(d) always lower than the LTP 


(b) a difference between the two trip points 


(c) neither (a) nor (b) 
(d) either (a) or (b) 


Od 


JFET SWITCHES 


INTRODUCTION 


The advantages of solid state devices over mechanical switches was pointed out 
in Experiment 35. The JFET, like the BJT, can switch load current on or offand_: 
provide output waveform transitions, although it is not necessarily the device of | 


choice for these applications. 


The JFET characteristic of having a variable resistance from source to drain 
that can conduct current in either direction, and change from a low resistance : 
(on) to a large resistance (off), gives the JFET the capability of performing some : 


switch functions not possible with the BJT. 


In this experiment you will set up and examine a basic JFET switch and then 
apply the JFET in a chopper circuit to illustrate the special switch capability of : 


an FET device. 


Due to the circuit simplicity and your prior troubleshooting of the basic 


JFET, no troubleshooting is provided in this experiment. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 9, Section 9.4 


OBJECTIVES 
After completing this experiment, you will: 


Y Be able to construct a JFET switching circuit 


Y Be able to compare the frequency response of a JFET to that of a BJT 
switch 


Y Understand the operation of the JFET in the FET unique chopper 
application 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator [2] 

Oscilloscope 

Circuit protoboard 

N-channel JFET, 2N5459 or equivalent 
Small-signal diode, 1N914 or similar 
Resistors: 10 kQ, 15 kQ, 33 kQ 


JFETSWITCHES 157 


_ SECTION I 


FUNCTIONAL EXPERIMENT 


Rs 
1N914 33kQ Vout 


Z: 
Figure 37.1 
Graph 37.1 
3. 
4, 
Figure 37.2 5. 
Step 5 requires the use of two 


function generators: one to 
provide a sinewave signal and 
the second a squarewave con- 


trol signal. t 
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Construct the circuit of Figure 37.1. 


Note: In controlling the JFET as a switch, the gate cannot 
be positive with respect to the source. The gate signal must 
change from 0 V to -Vasioff). You should recognize the 
positive series clipper between the signal source and the 
JFET gate. This will allow you to use a squarewave signal 
source that transitions from a positive to a negative value 
around a 0-V reference. 


Apply DC power to the circuit. Set the function generator to 
supply a squarewave output at 10 kHz of 12 Vp-p. Connect your 
oscilloscope channel 1, DC coupled, to the JFET gate and chan- 
nel 2 to the circuit output at the drain. 


Graph 37.2 


Sketch the input and output waveforms in Graph 37.1, noting the 
positive and negative peak values. 


Increase input frequency to the point where the output has clearly 
degenerated from a square wave (approximately 100-150 kHz). 
Record the input frequency below; sketch the input and output 
waveform in Graph 37.2. 


Freq. in = 


Remove circuit power and the signal generator. Modify your 
circuit to that of Figure 37.2. 


Connect the control signal squarewave source set to provide a 
12 Vp-p square wave at 10 kHz to the series clipper. Set the sec- 
ond generator to provide a sinewave of 1 V,.p at 1 kHz. Connect 
this source to the 15-kQ resistor leading to the drain of the 
JFET. Use your oscilloscope to monitor the chopper circuit out- 
put at the drain of the JFET. Adjust the scope to obtain approxi- 
mately | cycle of the sinewave input. 


6. Tosee the effect of the JFET passing and stopping the input sine wave, 
change the control frequency to 1 kHz and the sinewave signal input to 
10 kHz. Adjust the oscilloscope to sweep and sync at the squarewave 
frequency and you should observe a burst of 10-kHz signal followed by 
no signal and then a burst of the 10-kHz signal. 


DISCUSSION 


1. In Procedure steps 4 through 6, you observed the JFET perform a chopper 


function. Could you perform this function using a BJT? Discuss your an- 
swer and explain the JFET characteristics that make this function possi- 
ble. 


2. Compare your basic JFET switch data (steps 2 and 3) to your data of 
Experiment 35. Explain which device you would select, and why, to per- 
form the basic switch function. 


3. Notice that the circuit of Figure 37.2 resembles in some respects the shunt 


diode clipper. Compare and contrast the JFET chopper and the shunt di- 
ode clipper. 


Quick Check 


1. A JFET switch will perform better at higher frequencies than a BJT switch. 


True False 


2. Abasic difference between a JFET and a BJT is that 


(a) JFETs are far more expensive 

(b) JFETs are current-controlled and BJTs are Sines euntecliea 
(c) JFETs are voltage-controlled and BJTs are current-controlled 
(d) JFETs are much larger than BJTs 


3. The source, gate and drain terminals on a JFET compare to what terminals 


ona BJT? 


(b) collector, base, and emitter 
(d) emitter, base, and collector 


(a) base, emitter, and collector 
(c) base, collector, and emitter 


4. One advantage JFET switches have over mechanical switches is 
that 


(a) JFETs are slower operating 
(c) JFETs have contact bounce 


(b) JFETs are faster operating 
(d) JFETs will cause arcing 


5. The JFET bilateral characteristics allow its use in switch applications not 
possible with a BJT. 


True False 


Important 


These adjustments will 
likely require careful ad- 
justment of the scope trig- 
ger control. Your 
oscilloscope display should 
resemble the signal shown 
in Figure 37.3. 


The 1-kHz sine wave is 
chopped (or sampled) at a 
10-kHz rate. The signal am- 
plitude is zero when the 
JFET is switched on and the 


_hormal amplitude when the 


JFET is off. 


Figure 37.3 
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UJT RELAXATION 
OSCILLATORS 


INTRODUCTION 


: The unijunction transistor (UIT) is a three-terminal device having only one PN 
: junction. It is composed of a silicon bar with ohmic contacts at each end, desig- 
: nated as base 1 (B1) and base 2 (B2). Fused to the silicon bar is a heavily doped 
‘ emitter (E). The basic construction of the UJT and the schematic symbol are 
: shown in Figure 38.1. Figure 38.2 illustrates the emitter characteristic curve of 
: a UJT. Note the area in which emitter current is increasing while emitter voltage 
: is decreasing. This is called the negative resistance region and is a unique char- 
acteristic of the UJT. 


In this experiment you will explore the UJT by making resistance measure- 


ments of the device. Then you will construct a UJT relaxation oscillator and 
: observe and record circuit data. 


The troubleshooting section will permit you to see the effect of a simulated 


| fault on the circuit operation and circuit values. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 9, Section 9.5 


_ OBJECTIVES 


Upon completing this experiment, you will be able to: 

v Measure Rep 

Y Determine the intrinsic standoff ratio (1) 

Y Determine the output frequency of a UST relaxation oscillator 


Y Determine the effect of changing the timing component values on 
output frequency 


_ EQUIPMENT AND MATERIALS 


DC power supply UIT, 2N2646 or equivalent 
Oscilloscope Resistors: 47 Q, 1 kQ, 12 kQ, 47 kQ 
Digital multimeter Capacitors: 0.01 »E 0.047 pF 
Circuit protoboard 


From the measured values of 
: Step 3 and Table 38.1, you can 


SECTION I FUNCTIONAL EXPERIMENT _ determine that there is a certain 
: amount of interbase resistance 

; _ and that a PN junction exists be- 

1. Identify the B1, B2, and emitter leads on the UJT. esa dic entice a tae 


2. Set the meter to the OHMS function, 10-k range. 
3. Measure and record the values in Table 38.1. oy 


Positive Negative Resistance 

a 
easet—sifeaez? TC 
femiter————sfBeset 
feacet femme] 
femiter Baez TCS 
a 


Table 38.1 


4. Connect the circuit shown in Figure 38.3. The component values should 
be Ry = 12 kQ, Ro = 1 kQ, R3 = 47 Q, and C; = 0.047 pF. 


5. Using the oscilloscope, measure the peak voltage at the emitter. ms 
Vp = 
Describe the waveform. 
Cy 


6. Using the formula 7 = V)/Vpp, determine the intrinsic standoff ratio. 
Once the intrinsic standoff ratio is found, this will enable you to calculate 
Vp for any value of Vpp. 


Q= 


7. Calculate the period (T) of the output waveform using the formula 
T = Ri x Ci, and record this in Table 38.2. Do this for all indicated val- 
ues of Ri and Ci. 


T 
ae ca 
ark 
a 


Calculated Measured 


Table 38.2 


: the emitter and B2. 


+10V 


Figure 38.3 
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: 8. Calculate the frequency (f) of the output waveform and record this in Table 


38.2. Do this for all values of Ry and C). 


9. Using the indicated values and oscilloscope, measure and record the period 


and frequency in Table 38.2. 


SECTION II TROUBLESHOOTING 


1. Remove C; from the circuit. Use the oscilloscope to measure the period of 


the emitter waveform. 


T= 


2. Compare this value to that recorded in Table 38.2. 
3. Replace C:, and lightly touch the emitter lead with your finger. Record 


your observation. 


_ DISCUSSION 


Section I 


1. Why is the region of the characteristic curve between Vp and Vy called 


negative resistance? 


2. The intrinsic standoff ratio for a 2N2646 UIT is listed as a range from 


0.56 to 0.75. Explain how this range of values might come about. 


Section II 


Stray capacitance can have adverse effects on the operation of electronic 
circuits. Explain how it affected the UST relaxation oscillator in this ex- 
periment. 


Quick Check 


1. Assuming a value of 1) = 0.60, calculate the values of Vp for the values of 


Ves listed below: 
Ves = 16 V, Vp = 
Ves = 5 V, Vp = 


In a UST relaxation oscillator, if the value of capacitance doubles, the 


output frequency 2 
(a) doubles (b) halves 
(c) remains the same (d) fluctuates wildly 


What effect does increasing Vpp have on the frequency of a UJT 
relaxation oscillator? 


(a) Increases frequency (b) Decreases frequency 
(c) No effect on frequency (d) Stops oscillation 


In reference to the characteristic curve, which voltage causes the UJT to 


tum off? 


Why is a UST not likely to be used in an audio amplifier circuit? 
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BJT RAMP 
GENERATORS 


INTRODUCTION 


: One of the easiest ways to generate a ramp is with a bipolar junction transistor 
: in parallel with a capacitor. When the transistor is turned off, the capacitor will 
. charge and will discharge during the time the transistor is turned on. This will 
: allow a slow charge time but will give a very rapid discharge time. The output 
: ramp will look like a curved sawtooth waveform. 

You will construct a BJT ramp generator in the first part of this experiment. 
: Then you will observe and measure the circuit values to aid your understanding 
: of the circuit operation. 

In the troubleshooting section, you will simulate circuit faults and make 
: measurements to see the effect of the fault on the circuit values. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 9, Section 9.6 


_ OBJECTIVES 
In this experiment you will: 


¥ Add to your understanding of generating a ramp voltage using a 
transistor in parallel with a capacitor 


Y Verify the output of a ramp generator utilizing the switching of a 
transistor to provide the charge and discharge path for a capacitor 


Y Understand how to generate a constant ramp using a sinewave input 


¥ Draw the output of a ramp generator 


_ EQUIPMENT AND MATERIALS 


DC power supply NPN transistor, 2N3904 or equivalent 
Dual-trace oscilloscope Resistors: 330 Q [2], 47 kQ, 1 MQ 
Function generator Capacitors: 0.01 pF, 0.033 pF 

Circuit protoboard 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit as shown in Figure 
39.1. Adjust the DC power supply to 
+12 V. 
Cy 
2. Connect the function generator to the cir- 
cuit input. Adjust the function gener- e— 
ator for a sine wave of 8.5 kHz at 3.5 0.01 F 
Vp. Be sure to note that this is peak “[.0se HF 
voltage. Use your oscilloscope to set = = Z 
up this voltage. 


Figure 39.1 Figure 39.2 
3. Adjust your oscilloscope channel 2 for 1 volt/division. 


4. Connect channel 2 of the oscilloscope to the circuit output. 
Adjust the sweep/division to display one complete 
waveform. (See Figure 39.2.) 


Sketch the input and output waveforms in Graph 39.1. 


5. Adjust the frequency generator toward 9 kHz while observ- 
ing the waveform. You should observe that the signal 
ramp does not peak out as high as it did previously. 


Graph 39.1 


SECTION II TROUBLESHOOTING 


Fault I - Collector resistor open 
1. With circuit power off, remove the 330-Q collector resistor and replace 
it with a 1-MQ resistor. Apply circuit DC power and input signal. 


2. Set your oscilloscope channel 2 to DC coupling. Use channel 1 to moni- 
tor the input signal and channel 2 at the circuit output. Sketch the in- 
put and output waveforms in Graph 39.2, and note on the 
sketch the peak value of each waveform. 


Fault 2 - Output capacitor leaky 

1. Turn off the circuit power. Replace the collector resistor 
with the correct 330-Q resistor. Connect a second 330-Q 
resistor in parallel with the output capacitor, C2. Reapply 
circuit power and the input signal. 


2. With your oscilloscope connected in the same way as in 
Fault 1, observe and sketch the waveforms in Graph 39.3 
(next page), and note the peak signal values. 


Graph 39.2 
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Graph 39.3 
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DISCUSSION 


Section I 


1. Discuss how you would use a pulse generator in this circuit 
to generate a ramp. 


2. Discuss what effect the incoming frequency has on the ramp. 
How does the incoming signal cause the waveform. Dis- 
cuss the tuming off and on of the transistor. 


Section II 


Fauit 1 - Collector resistor open 


You should have observed a very low ramp output waveform. Could this re- 
sult be caused by the BJT? Discuss with your answer the additional meas- 
urements you would make to isolate the failed component. 


Fault 2 - Output capacitor leaky 


This fault assumed a very leaky, almost shorted, capacitor. 


a. Do you feel that the output waveform and amplitude pointed to the 
capacitor being defective? 


b. Ifthe capacitor had a very small leakage (equivalent to 10 kQ), 
would the fault have been as easy to diagnose? What do you think 
the output waveform would have looked like in this case? 


| Quick Check 


The transistor is parallel with the capacitor to furnish a charge path only. 
True False 


When the transistor is turned off, the capacitor charges through the resistor. 
True False 


The negative portion of the sine wave or a negative pulse applied to the 
base of the transistor will cause a constant ramp output. 


True False 


The negative voltage at the base of the transistor biases the transistor into 
cutoff. 


True False 
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FREQUENCY EFFECTS 
IN BJT AMPLIFIERS 


INTRODUCTION 


To this point in your transistor amplifiers, it has been assumed that capacitances: 
in the amplifier were always a short circuit to AC and an open circuit to DC. In : 
this experiment you will now see the practical limits that circuit capacitances : 
impose on the amplifier in limiting both low and high frequency responses. 

You will measure both the low and high comer (critical) frequencies fora : 
typical common emitter amplifier. You will also, from your measured data, make | 
a Bode plot for your amplifier and, through circuit calculation, identify the ca- 
pacitors that control the frequency limits for your amplifier. 

In the troubleshooting section, you will simulate circuit faults and through : 
your measurements, see the effect on the amplifier AC and DC parameters. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 10, Section 10.3 


OBJECTIVES 


In this experiment you will: 


¥ Add to your understanding of determining the bandwidth of a small- 
signal BJT amplifier 


Y Verify the effect of the coupling and bypass capacitors on the amplifier 
frequency limits 


¥ Calculate and draw the Bode plot of a small-signal amplifier 


EQUIPMENT AND MATERIALS 


DC power supply Circuit protoboard 

Digital multimeter NPN transistor, 2N3904 or equivalent 
Dual-trace oscilloscope Resistors: 1 kQ, 2.7 kQ [2], 3.3 kQ, 12kQ : 
Function generator Capacitors: 0.33 pF, 10 pF, 22 pF 
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: SECTION I FUNCTIONAL EXPERIMENT 


O+12V 


1. Build the circuit as shown in Figure 40.1. 
Connect the DC power supply set to 
+12 V to your circuit. 


Rc 
2.7kQ Ca 


22 UF 2. Measure the DC voltages of your circuit 


Rt with a DMM and record the voltages be- 
3.3 kQ ioe. 


Figure 40.1 Ve= 


| 3. Using your measured values, calculate the expected amplifier gain. 
Ay = 


: 4. The data sheet for the 2N3904 transistor shows that the collector junction 
capacitance (Cop) has a value of 4 pF. With this information you should 
be able to calculate your Miller capacitance values. 


Ay = 
Cin (Miller) = Cout (Miller) = 
5. Calculate the critical frequencies for the following networks: 
Critical low frequency for the bypass capacitor = 
Critical frequency for the input terminal = 
Critical frequency for the input shunt network = 


6. Adjust the function generator to a midpoint between your two calculated 
dominant critical frequencies. Set the input signal to obtain an output of 
approximately 3 Vp-p, measured with your oscilloscope. 


, 7. Measure and record the mid-band peak output voltage as Vmia in 
Table 40.1. 


Remember that the critical frequency is 3 dB down from the peak or 
at 0.707 times the peak voltage. 


8. Adjust the frequency generator up in frequency until the voltage level 
drops to the calculated critical value. This is the upper critical frequency. 
Record this frequency in the High Band section of Table 40.1. 


: 9. Increase the generator frequency to obtain the frequencies for values of 
0.5Vmia and 0.25Vmia. Also record these frequencies in the High Band 
section of Table 40.1. 
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10. Decrease the generator frequency to Vmid = 
find the lower critical frequency point High Band 
(Vout = 0.707V mia). Record this fre- 
quency in the Low Band section of freq. 
Table 40.1. i ; 
11. Decrease the generator frequency to ob- 
tain the frequencies for the 0.5Vimia 
and 0.25V mia values. Record these fre- BW 
quencies in the Low Band section of = 
Table 40.1. 
| Table 40.1 
12. Calculate the amplifier bandwidth and Vout | 
record in Table 40.1. Vewia 
13. Plot in Graph 40.1 the lower band and 9 7o7y_,, 
upper band response of your amplifier 
using the data of Table 40.1. 0.5V mid 
0.25V mia 
100 300 500 700 900 100 300 500 700 
(Hz) (kHz) Frequency 
SECTION II TROUBLESHOOTING Na Graph 40.4 


Fault 1 - Emitter bypass capacitor shorted 


L; 


Fault 2 - Input capacitor shorted 


1. 


Note: The graph omits the mid- 
band frequencies to permit you 
to see the upper and lower fre- 
quency response areas more 
clearly. 


Ensure that the circuit power is off. Place a jumper wire in parallel with the 
emitter resistor and capacitor. 


Apply DC power. Adjust your function generator to a frequency in the am- 
plifier midband. Observe the output signal wave form and measure the 
peak-peak amplitude. The amplitude and waveshape of the output signal 
should give a good clue to the component fault. 


Disconnect the function generator and make any additional DC voltage 
checks you would like. Record the measurement point and data below. 


With circuit power off, remove the jumper shorting the emitter resistor. 
Place a jumper across Cj, the input capacitor. 


Apply circuit power. Measure the amplifier mid-band gain and observe | 
the output waveform. Is the signal saturation or cutoff clipping? Discon- 
nect the function generator and make any DC voltage measurements you 
would like. Record measurement points and values in the blanks pro- 
vided (next page). 


FREQUENCY EFFECTS IN BUT AMPLIFIERS 169 


170 EXPERIMENT 40 


| DISCUSSION 


Section I 


1. Discuss what effect the input and output coupling capacitors and the 


emitter bypass capacitor have on the output frequency response. 


2. Discuss what determined the dominant frequency in your BJT amplifier 


for both the lower and upper critical frequencies. What component val- 
ues could you change to increase the amplifier bandwidth? Also, what 
one parameter change would increase the high frequency response? 


; Section II 


3 Fault ] - Emitter bypass capacitor shorted 


Discuss the effect of this fault on the amplifier’s gain and bias point shift. 
Is there any other component failure that could have the same effect on 
these two parameters? 


Fault 2 - Input capacitor shorted 


Did the DC measurements for this fault indicate any circuit problem? 
Discuss this with your idea of why the circuit behaved the way it did. 


Quick Check 


: 1. The coupling capacitors affect the lower critical frequency points for the 


small signal amplifier. 


True False 


2. Which of the bias resistors will have the most effect on the overall gain of 


the amplifier? 


3. The output shunt network is always the most dominant network in a small- 


signal amplifier. 

True False 
4. Bandwidth is the upper critical frequency minus the lower critical 
frequency. 

True False 
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FREQUENCY EFFECTS 
IN JFET AMPLIFIERS 


INTRODUCTION 


Practical JFET amplifiers have upper and lower frequency limitations on the | 
signals they amplify. The frequency-limiting components in the circuit are the ; 
coupling and bypass capacitors and the capacitance in the JFET. 

In this experiment you will calculate these values f; and f2 and measure and ; 
record them. These measurements are a very useful check for amplifiers. In the | 
troubleshooting section, you will simulate faults that will affect the comer fre- | 
quencies and, through circuit measurements, you will see how the amplifier is 
affected. 
In Section I] you will observe the effects on our circuit if the output coupling 
capacitor and the JFET intemal capacitors change values. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 10, Section 10.3 


OBJECTIVES 
In this experiment you will: 


¥ Understand how circuit capacitors affect low frequency response 


Y Understand how JFET intemal capacitance affects high frequency 
response 


Y Understand how the capacitors’ changing values affect the circuit 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Dual-trace oscilloscope 

Circuit protoboard 

N-channel JFET, MPF 102 or equivalent 
Resistors: 680 Q, 3.3 kQ, 40 kQ, 1 MQ 
Capacitors: 1000 pF [3], 1 pF [2], 10 pF, 47 pF 
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: SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 41.1 and apply 
DC power. 


2. Connect one channel of your oscilloscope 
to the output of the signal generator, at 
the gate of the JFET, and the other chan- 
nel to the amplifier across the load resis- 
tor. Set the signal generator to provide 
200 mVp.p at 5 kHz. Measure and record 
in Table 41.1 the peak input and output 
signals. 


3. Very slowly adjust the frequency down to- 
: ward 0 Hz. When the Vout level changes 
Figure 41.1 to 0.707 of the peak Vout value (step 2), 


record the input frequency in Table 41.1. 
Calculated (Hint: During this procedure keep chan- 
ee = 


BW 
Vin( peak) = 
Vout(peak) =__ : 
5. Using the data of steps 3 and 4, calculate 


Table 41.1 the bandwidth of the amplifier and re- 
cord in Table 41.1. 


4. Adjust the function generator up to about 
1 MHz. Slowly adjust upward until the 
Vou again falls to 0.707 times the peak 
Vout Value (step 2). 


6. For the circuit of Figure 41.1, calculate the low frequency cutoff point of 
the output coupling and bypass capacitors. 


Cutoff frequencies: 
Input = Output = Bypass = 


; 7. Calculate and record in Table 41.1 the dominant low frequency cutoff. Re- 
member, whichever capacitor cuts off the frequency at the highest point 
is the dominant low frequency cutoff. 


2 8. To calculate the high dominant frequency cutoff, you calculate the effect 
of the internal capacitance of the JFET. Calculate and record the value of 
f2 in Table 41.1. 


For the MPF 102 in step 8: 9. Calculate the bandwidth of the amplifier, and record in Table 41.1. Compare 


Ciss = 7 pF your calculated data to the measured data. 
Cea =3 pF. 
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SECTION II TROUBLESHOOTING 


Fault 1 - Drain bypass capacitor changes value 


l. 


Remove the 47-u1F source bypass capacitor and replace it with a 10-p1.F 
capacitor. 


Calculate the new low frequency cutoff point: f; = 


Adjust the function generator to 5 kHz, and slowly adjust the input fre- 
quency down until Vout falls to 0.707 of the maximum Vout. Record this 
frequency: f| = 


Fault 2 - Incorrect transistor 


1. 


For this portion of your troubleshooting, you will simulate an incorrect 
JFET transistor. Place three 1000-pF capacitors in your circuit, bypassing 
the JFET, as shown in Figure 41.2. 


Apply DC circuit power. 


In a real circuit this type of problem would be 
apparent only by a distorted output at high 
frequencies. As a technician you would 

have to check the high frequency cutoff ex- Cy 
perimentally as you have done previously. 


1000 pF 


Adjust the function generator again for Vin 
200 mV at 10 kHz, and slowly increase the 
input frequency. Measure and record the fre- 
quency where Vout is 0.707 times Vout 
maximum. This new frequency is: _ 680 2 di 47 pF 


1000 pF 


f2= = = 


Figure 41.2 


DISCUSSION 


Section I 


1, 


If the amplifier of Figure 41.1 were part of a music system amplifier, and 
if the lower comer frequency shifted up to 600 Hz, describe the effect 
this would have on the system. 


If the amplifier of Figure 41.1 were used as part of a public address 
system used for voice announcements, and if the upper comer frequency 
shifted down to 1400 Hz, would this system be affected as much as 
would a stereo music amplifier? Explain why you chose your answer. 


Today, many companies use automatic test equipment (ATE) to check the 
frequency response of amplifiers. ATE systems are usually controlled by 
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computerized test generators, DVMs, and oscilloscopes. These systems 
can make the frequency checks you have just made in this experiment in 
about one minute or less. In addition to speed, can you think of another 
advantage of ATE systems? 


Section II 


Fault 1 - Bypass capacitor changes value 


In Fault 1 you discovered that a capacitor changing values can make a 
large difference in the amplifier’s low frequency cutoff. Do you think 
this happens very often? 


Fault 2 - Incorrect transistor 


In Fault 2 you simulated a different value JFET in the amplifier. Do you 
think it is possible for this to happen? 


2 Quick Check 


Which capacitors control the low frequency response of a JFET amplifier? 


(a) Coupling capacitors (b) JFET capacitances 
(c) Both (a) and (b) 


Which capacitors control the high frequency response of a JFET amplifier? 


(a) Coupling and bypass capacitors (b) JFET capacitances 
(c) Both (a) and (b) 


The circuit of Figure 41.1 uses bias. 
(a) current source (b) self 
(c) voltage divider (d) gate 


The amplifier of Figure 41.1 is a common drain amplifier. 


True False 


The JFET of the amplifier is an N-channel device. 
True False 


BUT DIFFERENTIAL 
AMPLIFIERS 


INTRODUCTION 


The differential amplifier is a special amplifier that amplifies only the difference : 
in two input voltages. This characteristic, amplification of a signal common to : 
both inputs (common-mode rejection), is an important consideration in indus- : 
trial electronics. The differential amplifier is used in instrumentation and opera- : 
tional amplifiers. 

In this experiment, you will perform tests to determine the differential volt- : 
age gain (Av), the common-mode voltage gain (Acm), and the common-mode ; 
rejection ratio (CMRR). 

In Section Il of this experiment, you will observe the effects on the Vou of : 
open and shorted transistors. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 10, Section 10.4 


OBJECTIVES 


In this experiment you will: 


Y Understand differential amplifier operation 
v Determine common-mode Ay and CMRR for a differential amplifier 


Y Observe the effects of open and shorted transistors on the operation of 
a differential amplifier 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Digital multimeter 

Oscilloscope 

Circuit protoboard 

NPN transistor [2], 2N3904 or equivalent 
Resistors: 100 Q [2], 2.7 kQ [2], 6.8 kQ [3], 100 kQ 
Potentiometer: ]0-kQ ten-tum trimpot [2] 
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Figure 42.1 


Figure 42.2 


Beginning with step 4, you will 
measure the differential gain of : 
your amplifier. Your input sig- 
nal will be connected to the | 
Vin+ input. With no signal atthe ; 
Vin- input the differential input | 


signal is that of the Vin+ input. 
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_ SECTION I 


FUNCTIONAL EXPERIMENT 


Output offset voltage: 
Input offset voltage: 
Differential input: 
Differential output: 
Differential gain: 
Common-mode input: 
Common-mode output: 


Common-mode gain: 


Common-mode rejection 
ratio: 


Table 42.1 


Construct the circuit of Figure 42.1. Do not apply DC power to the circuit 
yet. Potentiometer Rj is used to balance the amplifier by compensating 
for component and transistor differences in each half of the amplifier. Set 
the potentiometer to its mid-scale value so that each transistor sees the 
same value of resistance. Connect a 100-Q resistor in parallel with the 
2.7-kQ base resistors (one for each base). 


Apply DC power to your circuit. Connect a voltmeter between the two 
transistor outputs to read the differential voltage of the two transistor out- 
puts. 


This voltage is the output offset voltage of the amplifier (Vop). 


Record this voltage value in Table 42.1. You will use it later to determine 
the input offset voltage (Vip). 


Disconnect and remove the 100-Q resistors installed in step 1. With the 
voltmeter still connected to read the amplifier differential output, adjust 
R; for a voltmeter output of zero volts. This compensates for the ampli- 
fier output and corrects it to zero. 


Connect the voltage divider of Figure 42.2. Set the potentiometer so that 
the wiper is at the ground end (zero output). Connect the wiper connec- 
tion to the amplifier Vin+ input, and adjust the potentiometer for a DC 
output of 15 mV. Record this value in Table 42.1 as Vip. 


Connect your voltmeter to read the amplifier differential output (between 
the two collectors). Record this voltage value (Vop) in Table 42.1. 


6. Calculate the differential voltage gain of your amplifier. Record your Useful Formulas 
result in Table 42.1. i 


i Step 6: 
7. Calculate the value of input offset voltage (Vio) by dividing the prior Ava = Von / Vip 
measured output offset voltage (Voo) by the amplifier differential gain, : 
Ava. Record the value of Vio in Table 42.1. : Step 12: 
coer =/Avol 
8. Connect a jumper from the Vin+ to the Vin. input so that both inputs have AvcM 


the same input. Adjust the voltage divider potentiometer to provide its 
maximum output, approximately 100 mV. Measure and record the com- 
mon-mode input voltage in Table 42.1 (Vico). 


Beginning with step 8, you will 
; measure the common-mode 
: gain of your amplifier and de- 


10. Calculate the common-mode gain (Avcm) of the amplifier and record this termine the CMRR. 


value in Table 42.1. 


9. Use your voltmeter to measure the differential output of the amplifier. 
Record this value (Vocm) in Table 42.1. 


11. Calculate the CMRR of the amplifier and record the value in Table 42.1. 


SECTION II TROUBLESHOOTING 


Fault 1 - Q, C-E shorted 
1. With circuit power off, place a shorting wire across 
the C-E of Qi. Reapply DC power. 


2. Measure and record the DC voltages for Q; AND 
Q» as indicated for Fault 1 in Table 42.2. 


Fault 2 - Q; C-E open 


Table 42.2 


1. With circuit power off, remove the shorting wire and disconnect Q; from 
the circuit. Reapply DC power. 


2. Measure and record the DC voltages for Qi AND Q: as indicated for 
Fault 2 in Table 42.2. 


DISCUSSION 


Section I 


1. You should have measured a relatively large differential voltage gain for 
your amplifier. There are two features of the differential amplifier that =: 
contribute to this gain. One is that the gain of each transistor is the collec- : 


tor resistance divided by 2r’e: Ay = x . Describe and discuss the other 


é€ 


feature that contributes to the gain. 
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: 2. For your differential amplifier, assume a Vip of 5 mVDC, with Vin+ the 


more positive. Describe, for the amplifier, the current paths, the individ- 
ual transistor voltages, and from these the output differential voltage. 


3. Is it possible to construct a discrete-device differential amplifier using the 


JFET? Discuss this and describe the form the amplifier would take, using 
schematic diagrams in your description. Would you, for example, use a 
BJT current source bias? 


: Section II 
: Fault 1 - Qi C-E shorted 


From your measured data, describe the operating state of each transistor 
for this fault condition, and discuss the reason for each transistor’s state. 
In this fault, for example, is Q: in cutoff, saturated, or somewhere in be- 
tween? 


, Fault 2 - Qi C-E open 


From your measured data, describe the operating state of each transistor 
and discuss the reason for each state. 


3 Quick Check 
||. The higher the CMRR value, the better. 


True False 


, 2. Why is direct coupling desirable in a differential amplifier? 


: 3. In the circuit of Figure 42.1, the base of each transistor is zero-referenced. 


| True False 


: 4. The theoretical differential gain of the circuit of Figure 42.1 is : 


(a) 53 (b) 86.5 
(c) 173 (d) 200 


5. In the circuit of Figure 42.1, the input marked Vin+ has the designation be- 


cause a positive input signal causes the collector of Q; to be positive. 
True False 


43 


BASIC OP-AMP 
PARAMETERS 


INTRODUCTION 


The operational amplifier, abbreviated op-amp, is an amplifier with a very high : 
gain, a high input impedance, jand a low output impedance. The op-amp has : 
many applications in electronics. Some of these include active filters, compara- 
tors, level detection, and instrumentation amplifiers. 

In this experiment you wil] perform tests to measure and let you see some | 
of the basic characteristics of an IC op-amp. 


REFERENCE 

Principles of Electronic Devices and Circuits - Chapter 11, Sections 11.1 2 

and 11.2 
OBJECTIVES 

In this experiment you wil 

v Measure the input offset voltage of an op-amp 


¥ Determine and unders 
bandwidth 


d the relationship between gain and 


v Through measurement dbserve and determine the op-amp response to a 
common-mode signal 


EQUIPMENT AND MATERIALS 


DC power supply 
Function generator 
Digital multimeter 
Oscilloscope 
Circuit protoboard 
Operational amplifier, 741|or equivalent 

Resistors: 47 Q, 4.7 kQ, 1 kQ, 2.2 kQ, 22 kQ, 100 kQ 
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| SECTIONI FUNCTIONAL EXPERIMENT 


Input Offset Voltage 


Input offset voltage cannot be measured directly. You will 
make your measurement indirectly by measuring the out- 
put due to the input offset voltage and calculating the 
magnitude of input offset voltage by the following for- 
mula: 


where: 


Vio = input offset voltage 


Vo = amplifier output 


Figure 43.1 


: 1. Construct the circuit of Figure 43.1. Ensure that the supply voltage + is 

connected to the V+ pin and that the supply voltage - is connected to the 
V- pin. (Note: These are not the input + and - of the op-amp.) Set the DC 
supply to provide +15 V to V+ and -15 V to V-. 


: 2. Use your DC voltmeter to measure the amplifier output. Record this voltage 
and its polarity. 


The maximum value you | 3. Use the formula cited above to calculate Vio:;record this value below. 
should have measured instep2 : 


is approximately 70 mV. If : Vio = 

your measured value is | 

greater, turn off circuit power | Is this value within the op-amp specifications? 
and check your circuit connec- 

tions. Gain Bandwidth 


: 1. Each amplifier will have a characteristic gain BW product. The gain BW 

for the 741 op-amp is 1 x 10 Hz. This means that if, for example, the 
gain is 10, the amplifier should corner at approximately 100 kHz. In this 
section you will measure the bandwidth at unity gain (Ay = 1) and then 
measure the bandwidth at a higher gain. 


: 2. Construct the circuit of Figure 43.2a. 


; 3. Apply DC power (+ and - 15 volt). Set your function generator to provide 
a 1-Vp-p sine wave at 1 kHz. Because the 741 can operate to DC, you can 
take 0 Hz for the lower comer frequency. 


: 4. Connect your oscilloscope to measure Vout of the op-amp. Throughout the 

step periodically ensure that the input signal is at exactly 1 Vp-p. Measure 
and record the amplifier peak-to-peak output voltage and calculate the 
gain of the amplifier. 


Vout (1 kHz) = Ay = 
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Increase the generator frequency while monitoring the amplifier 
output. Measure and record the frequency where the output 

is 0.707 of the 1-kHz output amplitude. This is the upper cor- 
ner frequency and should occur at approximately 1 MHz. 


f2 (upper corner) = 


Compute the op-amp gain BW product as the product of the 
1-kHz gain and the upper comer frequency. 


gain BW = 


Tur off the DC supply and modify your circuit to that of Figure 
43.2b. 


Reapply DC power and repeat the measurements of step 4. Re- 
cord the 1-kHz output, the circuit gain, and the upper corner 
frequency (f2). 


Vout (1 kHz) = 
Ay = fz = 
Compute the gain BW product again. You should find that this (b) = 


value is in close agreement with the value of step 4. 
gain BW = 


Common-Mode Rejection Ratio 
The common-mode rejection ratio (CMRR) is a measure of the 
amplifier’s ability to reject a common-mode signal input. 
The formula you will use to calculate the CMRR is 


CMRR = amplifier gain 
common-mode gain 


Connect the circuit of Figure 43.3a. You will use this circuit to 
obtain the op-amp differential gain. 


Apply DC power to your circuit. Set the function generator to 
provide an input sinewave of 1 Vp.p at 1 kHz. Measure and 
record the peak-to-peak amplitude of the signal input and op- 
amp output. 


Vin(p-p) ~ —___ Vout(p-p) 
Calculate the op-amp gain. 
Ay=______s (amp gain) 


Tum off DC power. Modify your circuit to that of Figure 
43.3 b. Reapply DC power. Set the function generator to pro- 
vide a 1-Vp-p sine wave at 1 kHz. Measure and record the 
peak-to-peak input and output amplitudes. 


Vin(p-p) = Vout(p-p) = —_____ (b) 
Figure 43.3 
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Calculate the op-amp gain. 

Ay = (common-mode gain) 

Calculate the CMRR using the formula at the beginning of this experiment. 
CMRR = 


: DISCUSSION 


Considering the input offset voltage you measured for your 741 op-amp, 
describe the output signal you would expect for that amplifier operating 
with a gain of 10 and an input sinewave signal of 200 mVp.p at 1 kHz. 


Given the gain BW product that you measured for your 741 op-amp, what 
gain would you expect to find for your amplifier if the comer frequency 
were 50 kHz? 


Discuss why the knowledge of an amplifier gain BW product is useful to 
the user. 


What kinds of applications can you suggest for an amplifier with a high 
CMRR? Select one application and describe. 


_ Quick Check 


The operational amplifier has high gain and low output impedance. 


True False 


Closed-loop bandwidth is a function of the voltage gain. 
True False 


The operational amplifier has three inputs: inverting, noninverting, and null. 


True False 


An op-amp has a differential gain of 25 and a common-mode gain of 0.02. 
What is the CMRR? 


CMRR = 
What is the unity-gain bandwidth for a 741 op-amp? 
BW= 


OP-AMP SLEW RATE 
AND CMER 


INTRODUCTION 


The slew rate of an op-amp tells how fast the output voltage can change with : 
respect to a change at the input. The unit of measurement of slew rate is volts per 
unit of time, typically V/s. Theslowest rateofchangeofoutputoccursatunity : 
gain; thereforeitisunderthisconditionthattheparameterismostoftenstated. 

Common-mode rejection (CMRR) is defined as an op-amp’s ability to mini- 
mize the effects of unwanted input signals. These signals may be the result of | 
power supply fluctuations or electromagnetic interference (EMI). CMRR is the : 
ratio of differential-mode gain (A) to common-mode gain (Acm) and is expressed | 
in dB. 

In this experiment you will construct an op-amp circuit to measure slew rate. | 
Two different measurements will be made. The second measurement, the more 
difficult, will also demonstrate the power bandwidth characteristic of a op-amp. | 
You will also set up a circuit to measure the op-amp response toacommon-mode : 
input and from this derive the amplifier CMRR. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 11, Section 11.3 


OBJECTIVES 
Upon completing this experiment, you will be able to: 


¥ Determine the slew rate of an op-amp 


Y Determine the CMRR of an op-amp 


EQUIPMENT AND MATERIALS 


DC power supply Circuit protoboard 

Function generator Operational amplifier, 741 or equivalent 
Dual-trace oscilloscope Resistors: 1 kQ, 1 MQ [2] 

Digital multimeter 
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_ SECTION I FUNCTIONAL EXPERIMENT 


Op-Amp Slew Rate 

' 1. Connect the circuit shown in Figure 44.1. The op-amp is configured as a 
unity-gain, noninverting voltage follower. Connect the oscilloscope as 
shown, and set the controls to the following positions: 


Time base: 5 ps/div Positive slope 
Channel 1: 2 V/div Internal trigger on Channnel 1 
Channel 2: 2 V/div 
Figure 44.1 | 2. Apply DC power and a 25-kHz, 6-Vpp square wave to the noninverting 
input. You should observe two waveforms similar to those in Figure 
44.2. 


, 3. In Graph 44.1, add time and amplitude units and sketch the waveforms. 


Channel 1 
Vin 

Channel 2 
Vout 


Figure 44,2 Graph 44.1 


, 4. Measure the peak-to-peak voltage of the output waveform and record this 
below as AV. 


AV = 


, 5. Measure the amount of time it takes the waveform to change from one 
peak to the other (this can be on either the positive-going or the negative- 
going edge). Record this value as At below. 


. At= 
: 6. Calculate the slew rate of the op-amp using the following formula: 
, slew rate = AV/At 


slew rate = 
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10. 


11. 


The slew rate of an op-amp limits its performance with a sinusoidal signal 
also. If the slope of the sinusoidal signal is greater than the op-amp slew 
rate distortion or power bandwidth. The relationship between the fre- 
quency where the signal starts to distort and the amplifier slew rate is 

given by 


SR=2% fmVp 


Change the function generator output to a sinewave signal. Maintain the 
output at 6 Vp-p. Starting at a frequency of | kHz, observe the op-amp 
output while increasing the frequency. Adjust the generator frequency 


to the value where you can just begin to detect distortion of the sine As the frequency is increased, 

wave. This is fm. Record this frequency. : you will note that the output 
: signal will become triangular 

1 ae ee : shaped. 

Using the formula of step 7, calculate the op-amp slew rate, and record 

your result. 

slew rate = 


Although the power bandwidth measurement is more difficult to make, 
it illustrates the large signal limitation that the slew rate imposes on an 
op-amp. 


Tum off power from the function generator; then remove DC power from 

the circuit. Disassemble the circuit. 
Op-Amp CMRR 

Connect the circuit in Figure 44.3. 


Calculate the differential-mode gain (A) using the following 
formula: 


A=RfR1 
A= 


Apply DC power and a 6-Vp-p, 60-Hz sine wave to the input. 
This voltage will be used to represent EMI from a nearby 
piece of machinery. 


Figure 44.3 


Observe the input and output signals on the oscilloscope. You should ob- 
serve a 6-V>-p input signal and a small signal at the output. 


Measure the AC voltage (vin) at pin 2 (or pin 3) of the op-amp. Measure 
the AC voltage (Vout) at pin 6 of the op-amp. Use the formula Vou/Vin to 
find the common-mode gain (Acm). Record these values below. 

Vin = Vout = Acm= 

Calculate the common-mode rejection ratio, in dB, using this formula: 


CMRR = log ro 
Cc. 


CMRR = 
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7. Tum off the power from the function generator; then remove DC power 
from the circuit. 


_ DISCUSSION 


1. The op-amp parameter, slew rate, can have an impact on how a particular 
op-amp will perform in different situations. Describe what effect fre- 
quency variations might have on slew rate. 


: 2. Compare the data sheet parameters of a tA741 to those of an LM308 
op-amp. Which op-amp you think would be better suited for use in an 
area susceptible to high electromagnetic interference? Justify your an- 


swer. 
Quick Check 
: 1. The slew rate of an op-amp is independent of the frequency that will be 
applied. 
True False 


2. Ifacertain op-amp has a voltage swing from +5.5 V to -7.5 V in 0.25 ps, 
: the slew rate is equal to 


(a) 8 V/ps (b) 3.25 V/s 
(c) 52 V/s (d) 0.5 Vips 


| 3. The unit in which the common-mode rejection ratio is stated is 


(a) dB (b) V/us 
(c)Q (d) no unit 


4. Accrtain op-amp has a CMRR of 76 dB. The ratio of Ato Acw is. 


(a) 6310 (b) 3.8 
(c) 1520 (d) 76 
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NONINVERTING 
VOLTAGE AMPLIFIER 


INTRODUCTION 


The noninverting voltage amplifier has the characteristics of an ideal voltage : 
amplifier: exceptionally high input impedance and very low output impedance. : 
Additionally, this amplifier, like any other based on a high-gain op-amp, has a : 
voltage gain and stability that are dependent upon the external circuit resistors : 
and independent of amplifier variations. 

In this experiment you will construct a series-parallel negative feedback op- ; 
amp noninverting voltage amplifier circuit. You will verify and observe the ef- : 
fects of feedback resistors in setting the voltage gain, and you will demonstrate : 
that negative feedback reduces the output impedance of the op-amp. 


REFERENCES 
Principles of Electronic Devices and Circuits - Chapter 12, Sections 12.1 : 
and 12.2 
OBJECTIVES 
In this experiment you will: 
¥ Demonstrate the operation of the noninverting amplifier 
Y Verify voltage gain control by feedback resistors 


¥ Demonstrate the reduced Zou of the op-amp circuit 
¥ Show the effects of faulty resistors 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Dual-trace oscilloscope 

Digital multimeter 

Operational amplifier, 741 or equivalent 
Resistors: 1 kQ [2], 15 kQ 
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Figure 45.1 


Beginning with step 7,thepro- : 
cedure demonstrates that ; 
negative feedback reduces the ; 
effective op-amp output im- ; 
pedance. The specified Zo of : 


Measured Measured Measured 


the 741 op-amp is 75 Q. 


Measured 
Vin = 


Calculated 


Table 45.1 
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Vin = 


Vout = 


Calculated 


: SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit in Figure 45.1. 


2. Apply DC power. Connect the function generator to Vin. Set the 
generator to supply a 1-kHz sinewave at 200 mVp-p. Using 
your oscilloscope, verify that the output is in phase with the 
input. 


Phase shift = degrees 


With the oscilloscope, measure the peak-to-peak voltage levels 
of Vin and Vout. Record these values in Table 45.1. 


3. From your measured data, calculate the amplifier gain and re- 
cord in Table 45.1. 


Calculate the expected gain of the amplifier based on your resis- 
tance values. Record this value in Table 45.1. 


Your measured value of gain should agree with the calculated value, 
within resistor and equipment tolerances. If you find a greater deviation, 
recheck your measurements. 


Select a new value of R¢ to set the amplifier gain in the range of 6 to 25. 
Record the new value of Rr in Table 45.1 with your predicted gain. 


Tum off AC and DC sources. Install the new Rs resistance you selected. 
Reapply DC power and signal input. Repeat the gain measurement of 
steps 2 and 3. Record the peak-to-peak values of Vin and Vout in Table 
45.1. Calculate the amplifier gain from the measured data and record in 
Table 45.1. 


With both AC and DC sources off, install a 10-kQ resistor for Re. Reapply 
DC power. Set the function generator to supply a 200 mVp-»p input signal. 
Measure and record in Table 45.1 the peak-to-peak input and output volt- 
age levels. 


Vin = Vin = 


Vout = Vout = 


8. Tum DC and AC sources off. Change Ri to a 75-Q resistor. Reapply DC 
power and the amplifier signal input. Ensure that the peak-to-peak input 
signal is exactly the same as used in step 8. Measure and record in Table 
45.1 the peak-to-peak output voltage level. This measurement won’t give 
the output impedance value, however; if Vou is one-half that of step 8, 
then Zout =75Q. 


Your measured Vout should be nearly that of step 8 (approximately 10% to 
20% less), demonstrating that the amplifier output impedance is signifi- 
cantly less than 75 Q and has been reduced by the negative feedback. 


SECTION II TROUBLESHOOTING 


Fault I - Feedback resistor (Rf) open 
1. Tum offall sources. Replace Ri with a 1-kQ resistor. Remove the feed- 
back resistor (Rs) and replace with a 2.2-MQ. resistor. 


Note: This simulation of a failure won’t perfectly emulate the failure of an 
open Rg, but it will serve to give you a good idea of what to expect with — 
that failure mode. 


2. Apply DC power and a 1-kHz, 200-mV>-p input signal. Using your 
oscilloscope, observe the amplifier output, noting in particular the 
waveshape and peak-to-peak amplitude of the signal. 


Fault 2 - Feedback resistor (Rp) open 
Turn off DC and AC sources. Restore R¢ to a 10-kQ resistor: Disconnect 
the ground end of Ry. Apply DC power and AC input signal. Measure 
and record below the peak-to-peak input and output voltage levels. 


Vin = Vout = 


DISCUSSION 


Section I 


1. Describe a discrete device amplifier (2 stages maximum) that would ap- 
proximate the noninverting op-amp voltage amplifier. 


2. Compare and contrast your discrete device amplifier to the noninverting 
voltage amplifier. 


Section II 


Fault 1 - Feedback resistor (Rp) open 
Describe the output waveform you observed for this fault. Can you think; 
of an op-amp failure mode that would produce this same waveform? Dis-_ : 
cuss op-amp failure modes and the probable output waveform result. 
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; Fault 2 - Feedback resistor (Rp) open 
Describe the result of this fault. Discuss why the amplifier should produce thi 
result with just one faulted resistor. 


, Quick Check 
; 1, The noninverting amplifier has a very stable voltage gain. 
2 True False 


2. Anopen feedback resistor does not affect gain. 


True False 
, 3. The voltage gain of a noninverting op-amp is controlled by the relation- 
ship between Rg and Rp. 

True False 


, 4. The input signal is in phase with the output signal in a noninverted series- 
parallel negative feedback circuit. 


True False 
, 5. Negative feedback increases Zin and Zout of an op-amp circuit. 
| True False 


6. Anonverting voltage amplifier has an Re of 27 kQ and Ry of 4.7 kQ. The 
amplifier gain is 


(a) 5.7 (b) 6.7 
(c) 8.7 (d) 10.7 
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INVERTING 
VOLTAGE AMPLIFIERS 


INTRODUCTION 


The op-amp inverting voltage amplifier is a very popular amplifier. It displays : 
most of the characteristics of the noninverting amplifier except the extremely : 
high input impedance. In addition, at low gains, it will have a smaller gain band- : 
width product. : 

In this experiment you will build and test an inverting op-amp voltage am- : 
plifier and examine the characteristics of input impedance and gain bandwidth : 
product. 
The troubleshooting section will let you see the effects of simulated compo- : 
nent failures on your amplifier. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 12, Section 12.3 


OBJECTIVES 
In this experiment you will: 


¥ Demonstrate the characteristics of the inverting amplifier 


Y Determine the input impedance and gain bandwidth product of an 
inverting amplifier 


¥ Demonstrate circuit problems caused by faulty resistors 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Oscilloscope 

Operational amplifier, 741 or equivalent 
Resistors: 1 kQ, 2.2 kQ, 15 kQ 
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| SECTION I FUNCTIONAL EXPERIMENT 


Amplifier Gain 
(Re = 15 kQ) 


Measured Values 


ei To pin 2 

of the 
Vin = =6-10kQ_ =22kQ ~~ op-amp 
Calculated Value 


— ————— Figure 46.1 Figure 46.2 


Amplifier Gain 1. Construct the circuit of Figure 46.1. 
Rr=__ kay | oe er 
Ngoc eared Wekies 2. Connect power to the circuit. Apply a 500-mVp-p, 1-kHz sinewave signal 


to the input Vin of the amplifier. 


a , 3. Measure and record in Table 46.1 the input and output peak-to-peak 
Vout = voltages using your oscilloscope. Use the data from step 3 to determine 
ee the actual Ay; record it in Table 6.1. 

y= 


4. Calculate the expected gain for your amplifier and record in Table 46.1. 
Calculated Value : 


Note: If your measured and calculated values for Ay are not close, check 
your calculations and your circuit measurements. 


2 5. Remove power from the amplifier. Select a new value of Rr in the range 


of 2.2 kQ to 39 kQ. Record your Rr value in the second box of Table 
46.1. 


: 6. Reapply DC power and input signal of 500 mVp-p at 1 kHz. Measure the 
peak-to-peak input and output voltages, and use the data to determine the 


———— actual amplifier gain. Record these values in the second box of Table 
Gain-BW = 46.1. 


Table 46.1 : 7. Calculate the expected gain for your amplifier and record in Table 46.1. 


: 8. Disconnect the AC signal source; turn off the DC source. Connect a 
10-kQ potentiometer in series with Rj as shown in Figure 46.2. Change 
R¢ back to the 15-kQ resistor. 


Beginning with step 8, you will | 9. Adjust the potentiometer to be zero ohms. Reapply DC power and 

measure the input impedance of : reconnect the AC signal source. Set the input signal to obtain the same 

your amplifier. amplifier output recorded in step 3. Note this value below. Adjust the po- 
tentiometer until the input signal is exactly one-half the noted value. 


Vout = 
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10. 
ll. 


12. 


13. 


14. 


Tum off the AC and DC sources. Disconnect the potentiometer and meas- 
ure its resistance. This is the input impedance value of your amplifier. Re- | 


cord in Table 46.1. 


Restore the input circuit connections, omitting the potentiometer. In the 
next procedure steps you will measure the amplifier gain and bandwidth 
to determine the gain bandwidth product. 


Tum on DC power and the AC signal source. Measure the amplifier peak- 


to-peak input and output voltages. Note these below. Calculate the ampli- 
fier gain and note below. 


Vin = Vout = Ay= 


While ensuring that Vin stays constant, increase the generator frequency to 


the amplifier upper comer frequency. Measure and record this frequency. 
fh = 
Since the amplifier should operate to DC, f2 is the bandwidth. 


Calculate the gain bandwidth product. You should find that your value is 
less than the expected result of 1 MHz. For the gain of your amplifier, 
your gain bandwidth product is expected to be between 10% and 15% 
less. Lower gains produce even smaller gain bandwidth products. 


SECTION II TROUBLESHOOTING 


Fault I - Feedback resistor (Rf) open 


1. 


Tum off DC and AC sources. Remove the 15-kQ Rg and replace it with a 
2.2-MQ. resistor. 


Apply DC power and the AC signal input of 500 mVp-p. With your 
oscilloscope connected to the amplifier output, observe the output 
waveshape. Note the peak-to-peak value below. 


Vout (p-p) = 


Measure and record below the following voltages. 


Vin (p-p) = Vibe = V.pc = 


Fault 2 - Input resistor (Ri) open 


1. 


Tum off DC and AC sources. Remove the 2.2-MQ. resistor and install the 
original 15-k92 Re. Remove the 2.2-kQ R; resistor and replace with the 
2.2-MQ. resistor. 


Apply DC power and the AC signal input of 500 mV>-p. Measure and 
record the circuit values listed below. 


Vin(P-p)= __ «Vout (P-p) = 


Vipe = V.pc = 


: This won’t simulate a com- 
: pletely opened resistor, but will 
: simulate the failure clearly 
:; enough for this experiment. 


: Again, this won’t completely 
: simulate an open resistor, but it 
: is sufficient for demonstrating 
: this fault. 
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_ DISCUSSION 


Section I 


Compare and contrast the op-amp inverting amplifier to a BJT common 
emitter amplifier by listing as many advantages and disadvantages as you 
can. 


Given an audio amplifier application requiring a voltage gain of 75 in the 
frequency band of 30 Hz to 20 kHz, discuss how well or poorly an invert- 
ing amplifier based on the 741 would meet this application. 


: Section II 


| Fault 1 - Feedback resistor (Rs) open 
il, 


Describe the output waveform observed for this fault and discuss the 
reason for that waveform. 


Discuss how well the measurements made point to the external circuitry 
as the fault rather than the op-amp. 


; Fault 2 - Input resistor (Rj) open 


Do the data measured for this fault clearly indicate that the op-amp is 
okay, with the fault having to be in the external circuitry? Discuss this 
concept, considering what op-amp failures could produce the same cir- 
cuit fault measurements. 


: Quick Check 


The output signal of the inverting amplifier is 90° out of phase. 
True False 


If the value of the input resistor decreases, the gain will increase. 


True False 


If the value of the feedback resistor increases, the gain will increase. 


True False 


For the amplifier of Figure 46.1, if Re = 27 kQ and R; = 3.9 kQ, the 
amplifier gain would be : 


(a) 27 (b) 10.6 
(c) 7.9 (d) 6.9 
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OP-AMP 
CURRENT AMPLIFIERS 


INTRODUCTION 


The ideal current amplifier has zero input impedance, infinite output impedance, | 
and a constant current gain. The ideal current amplifier can be approached using ; 
an op-amp with an inverting current feedback. This current amplifier form pro- : 
vides a linear gain response to the point where the op-amp reaches its output | 
voltage saturation limit. 

In this experiment you will construct a current amplifier and make measure- : 
ments to see the basic characteristics. Then you will set up a simulated circuit to : 
obtain concepts involved in a circuit application. 

The troubleshooting section will aid you in developing skills for effective : 
troubleshooting of op-amp circuits. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 12, Section 12.4 


OBJECTIVES 


In this experiment you will: 


Y Determine the operating characteristics of the current amplifier 


¥ Understand the operation of a current amplifier in a circuit illustrating 
an application 


Y Develop skills in troubleshooting an op-amp circuit 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter [2] 

Circuit protoboard 

Operational amplifier, 741 or equivalent 

Resistors: 560 Q, 1 kQ, 2.2 kQ, 3.9kQ, 10 kQ [2], 22 ka 
Potentiometer: 10-kQ ten-tum trimpot [2] 

Capacitor: 0.01 uF [2] 


OP-AMP CURRENT AMPLIFIERS 195 


Figure 47.1 


Current Gain 


Load Variations 
(Ri = 560 Q) 


Load Variations 
(Ri = 3.9 kQ) 


lin = 


lout = 


Vout = 


Table 47.1 
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: SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit of Figure 47.1. Connect 
an ammeter in the circuit between Rg and 
the junction of Rs. Connect a second amme- 
ter between the op-amp output and Rt. Net- 
work Rj, Ro, and Rs provides the current 
source for your circuit. 


2. Apply DC power to the circuit. While 
reading the input current ammeter, adjust Ro 
to obtain an input current of 150 WA. Re- 
cord your set value and the output current 
value in the Current Gain box of Table 
47.1. 


3. From the data of step 2 calculate the amplifier 
current gain (Aj) and record in Table 47.1. 


If the current amplifier has a high output impedance< as a good amplifier 
should, changing the size of Ri should not significantly affect the load 
current. In the next procedure steps you will test the amplifier with differ- 
ent Ry values. 


Tum off the DC supply. Remove the 2.2-kQ load resistor, and install a 
560-Q load. Reapply DC power. Ensure that the input current is still 

150 A. Measure and record the output current (Iou) in Table 47.1 in the 
box labeled Rz = 560 Q. 


Repeat step 5, this time using a 3.9 kQ load resistor. Record the output cur- 
rent in the box labeled Ry = 3.9 kQ in Table 47.1. You should have found 
that changing the load resistance through a range of almost 4:1 had little 
effect on the output current. 


Turn off the DC power. Disconnect the output current ammeter and com- 
plete the output circuit connections without the ammeter. Reapply DC 
power, and ensure that the input current is still 150 4A. Measure the volt- 
age from the op-amp output to ground. You should find a reading of be- 
tween 7.5 V and 8.0 V. As long as the size of the load resistance doesn’t 
require more than the saturated op-amp output, the current amplifier will 
be linear. 


To see one application of a current amplifier, assume that you have a 
1-mA ammeter with a meter resistance of 1.8 kQ, and you must be able 
to measure a current of 250 A. You can use a current amplifier with a 
gain of 4 to scale the current up to the meter full-scale range. 


Since: =Rit 1, the 5 rato needs to be 3, So when Rr= 10 kQ, 


Ry should be 3.0 k®Q. 


9. Tum off the DC supply. If you have access to a 1-mA meter movement, 
install it in place of RL. If not, you can use a 1.8-kQ. resistor and an am- 
meter to measure the current. Install a 10-kQ potentiometer which is set 
to provide 3 kQ in place of the 1-kQ Rp». 


10. Reapply DC power. Adjust R2 for an input current of 250 WA and measure : 


the output current. You may need to adjust the potentiometer of Ry for an 
exact scaling to produce the 1-mA output. 


SECTION II TROUBLESHOOTING 


Fault I - Circuit feedback problem 
In this fault, it is assumed that the op-amp feedback circuitry is designed 
to provide a current gain of 11. Furthermore, the current amplifier is 
spread through several circuit boards in the system. You will fault the cir- 
cuit by providing excessive feedback, thereby reducing the gain. 


1. Tum off the DC power. Replace Rr with a 100-kQ resistor and Ry with a 
50-kQ resistor. This simulates an excessive feedback. 


2. Tum on the power. Adjust R2 for an input current level of 0.1 mA. 
Measure the input and output current levels. Calculate the gain. 


3. Tum off power. Replace R¢ with a 250-kQ potentiometer. 


4. While monitoring the input and output currents, adjust Re until a current 
ratio of approximately 11:1 is reached. 


If you can achieve current gain called for in the specifications, the fault 
lies in the feedback circuitry. If not, the problem lies in the op-amp cir- 
cuitry. If you have a discrete component op-amp, you’! have to trouble- 
shoot each BJT or FET network independently. 


DISCUSSION 


Section I 


1. Discuss your current response to changing load resistance. For example, 
does your amplifier have a constant Iout independent of Ry values (within 
limits)? 


2. What effect does changing the ratio of Rr to Rp have on the operation of 
the circuit? For example, if Ry increases, what changes does this have on 
the output current? 
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Section II 


_ Fault I - Feedback circuit problem 


Discuss the concepts of the troubleshooting example. Consider in 
particular the situation where parts of the feedback circuitry might be on 
two different circuit boards in a system. Give advantages and disadvan- 
tages of this troubleshooting approach. 


- Quick Check 


The gain of a current amplifier can be expressed by Aj = R¢Rp. 
True False 


An inverting current feedback op-amp that has an output current of 
120 mA and an input current of 120 pA has a gain of approximately 


(a) 10:1 (b) 12:1 
(c) 1:10 (d) 1000:1 


The ideal current amplifier will have a very high input impedance. 


True False 


A good current amplifier will have a very low output impedance. 


True False 


VOLTAGE-T0-CURRENT 
CONVERTERS 


INTRODUCTION 


The voltage-to-current converter uses noninverting current feedback to control : 
the operation of the amplifier. The noninverting feedback increases input imped- : 
ance and output impedance, so that the amplifier approaches the ideal voltage- : 
to-current converter. i 

This experiment will examine the basic voltage-to-current converter. You : 
will construct a floating-load noninverting voltage-to-current converter, and you : 
will make measurements of this basic converter. Then you will build and testa ; 
circuit illustrating an application of the voltage-to-current converter. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 12, Section 12.5 


OBJECTIVES 


In this experiment you will: 


Y Understand the operation of the op-amp voltage-to-current converter 


v Examine an application of the voltage-to-current converter 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter [2] 

1-0-1 mA meter movement 

Circuit protoboard 

Resistors: 1 kQ, 2.2 kQ, 22 kQ 
Potentiometer: 10-kQ ten-turm trimpot 
Capacitors: 0.01 pF [2] 
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SECTION I FUNCTIONAL EXPERIMENT 


+15 V 
+15V Converter 
R; 0.01 pF 
22 kQ 
Ro 
10k 
Ry Conversion Scaling 
1kQ 
VimA = 
Voltmeter 
Rp 
2.2kQ 


Figure 48.1 
Table 48.1 


1. Construct the circuit in Figure 48.1. 


2. Apply DC power. Adjust divider potentiometer R2 for an input voltage of 
1.1 V. Measure the output current. Record the input voltage and output 
current in the Converter box of Table 48.1. 


: 3. Adjust the divider potentiometer for an input voltage of 2.2 V. Measure 
the input voltage and output current. Also record these values in the 
Converter box of Table 48.1. 


4. From the data of steps 2 and 3, calculate 
the voltage-to-current ratio, in V/mA, for 
your converter. Record this value in the 
Conversion Scaling box of Table 48.1. 


In the following procedure steps, you will mod- 
ify your converter to simulate a high input im- 
pedance analog voltmeter. A 0-1 mA meter 
0-1mA _—s Movement will display 0-1 V full scale. 
eat Note: If a 1-mA meter movement is not avail- 
able, it can be simulated as shown in Figure 48.1. 
The scaling is the same: 1 mA = 1 V. 


5. Tum off the DC power. Modify your circuit 
to that of Figure 48.2. Use a 1-mA meter 
movement, if available. If not, use your 
digital multimeter, set to 1-mA range as 

Figure 48.2 shown in Figure 48.2. 
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6. Apply DC power. Adjust the divider potentiometer for an input of 0.5 V. 
Your scale factor is 


Im = Vin / Ry = 1 V/ 1 mA (depending on the accuracy of Rp) 


Measure and record in the Voltmeter box of Table 48.1 the output current 
as voltage: 1 mA = 1 V. 


7. Adjust the divider potentiometer for an input of 0.75 V. Measure and also | 
record the output current as voltage in the Voltmeter box of Table 48.1. 


DISCUSSION 


1. As the input voltage increased, what happened to the output current? Do 
your measurements indicate a voltage-to-current conversion? Is the cir- 
cuit inverting or noninverting? 


2. Could the output of the op-amp in Figure 48.1 be connected to a BJT 
whose emitter is connected to a motor? Explain how the BJT would be 
tured on, thereby driving the motor. 


Quick Check 

1. The operation of the voltage-to-current converter is linear. 
True False 

2. In anoninverting voltage-to-current converter, the output is in phase with , 
the input. 
True False 

3. For the circuit of Figure 48.1, if vin were 10 V, the output current would 
be ; 
(a) 2.8 mA (b) 1.36 mA 
(c)2.3mA (d) 4.6mA 

4. For the circuit of Figure 48.1, to set the conversion scale to 1 V/0.5 mA, 
the value of Rp should be : 
(a) 1.0kQ (b) 1.5kQ 
(c) 2.0kQ (d) 3.0kQ 
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SUMMING AMPLIFIERS 


INTRODUCTION 


: The purpose of a summing amplifier is to provide an output that is proportional 
: to the sum of several inputs. The output of the summing can reflect AC and DC 
: input values. Summing amplifiers can be used to convert digital to analog levels, 
: produce an output equal to (L + R) FM intelligence, and mix audio signals. 

In this experiment you will construct two different summing amplifiers. One 
: lets you explore the basic summing amplifier, and the other illustrates a simple 
: mixing function. 

The troubleshooting section will let you observe the effect of resistor fail- 
: ures on the summing amplifier circuit parameters. 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 12, Section 12.5 


_ OBJECTIVES 
In this experiment you will: 


~ Understand the operating characteristics of the summing amplifier 
v Explore the function of mixing an AC and a DC signal 


Y Understand the circuit effect caused by a component failure 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Oscilloscope 

Digital multimeter 

Circuit protoboard 

Operational amplifier, 741 or equivalent 
Resistors: 2.2 kQ [2], 6.8 kQ, 47 kQ 
Potentiometer:, 10-kQ ten-turn trimpot 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit in Figure 49.1. 


2. Temporarily remove R2. Apply DC power to your amplifier. 
Connect a function generator set to supply an 800 Hz sine 
wave at 500 mVp->» to input Vin1. Ensure that your signal 
has no DC offset. 


Vini O 


3. Use your oscilloscope to measure the peak-to-peak input Vin2 © 


(Vin1) and output voltage (Vou) levels. Record the values 
in the column labeled R2 Open of Table 49.1. 


4. Install R2 and connect Vin2 to the function generator also. The 
generator should now be supplying both inputs. Use your 
oscilloscope to measure the peak-to-peak signal levels of Figure 49.1 
Vin1, Vin2, and the output signal. Record these values in 
the column labeled R;, R2 = 2.2 kQ of Table 49.1. 


What happened to the amplifier output measured in this step compared to 
step 2? 


5. Turn off the AC and DC sources. Remove the 2.2-kQ R2 and replace it 
with a 3.3-kQ resistor. Apply DC power and the AC signal of step 2. Use 
your Oscilloscope and measure the peak-to-peak voltage levels of Vin1, 
Vin2, and Vout. Record these values in the column labeled R2 = 3.3 kQ of 
Table 49.1. 


6. Change the circuit input connections so that the function generator is 
supplying Vin1 only. Connect the voltage divider of Figure 49.2 and con-_ 
nect the voltage divider output to Vinz. Adjust the divider to provide a D 


0.5-V output to Vin2. 
: You have now seen the sum- 


7. Set your oscilloscope to DC coupling and observe the output signal. Is : ming amplifier add input volt- 
there a DC offset in the output signal? : ages. Beginning with step 6, 
: the procedure steps illustrate a 
Measure and record below the peak positive voltage level andthe peak © - mixing circuit using the sum- 
negative voltage level of the amplifier output. _ ‘Ming amplifier. 
Vout(pk+) = Vout(pk-) = 


Measure and record the DC offset: Vpc = 


+12V 
Ry 
47 kQ 
R2 To vin2 
10 kQ 
Table 49.1 Figure 49.2 
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Notice that your summing amplifier effectively mixed the AC and 
DC input signals, providing a composite AC and DC output. It will 
do exactly that same mixing with different input signal levels and 
different input frequencies. 


| SECTION I TROUBLESHOOTING 


Fault I - Feedback resistor open 
ae 


Remove power from your circuit. Remove the feedback resistor and 
replace it with a 2.2-MQ resistor. 


Can you predict what effect an open Rr will have on the circuit operation? 


Reapply circuit DC power. Connect your function generator to both the Vin1 
and Vin2 inputs. Set the function generator to supply an 800-Hz signal at 
500 mVp-p. 


Connect your oscilloscope to the amplifier output. What kind of 
waveshape do you observe? 


Measure and record below the peak-to-peak output voltage. 


Vout(p-p) = 


Measure the input signal at the op-amp input (pin 2). Is this signal essen- 
tially 0? 


Pin 2 input = 
Measure the op-amp supply voltage values (V+ and V-). Are these normal? 
Power supply voltages = 


_ DISCUSSION 


Section I 


Suppose you are given the circuit of Figure 49.1 supplied with two 1-kHz 
signals of exactly the same amplitude, but exactly 180 degrees out of 
phase (Vin1 with a signal at 0 degrees and Vin2 with a signal of 180 de- 
grees). Discuss what you would expect to see at the output of the sum- 
ming amplifier. Include a description of the amplifier operation that 
would produce the output you expect. 


Given the circuit of Figure 49.1, what sort of output signal would you 
expect to see if one input were a 1-kHz signal and the other was a 2-kHz 
signal? 


Section II 


Fault 1 - Feedback resistor open 


1. Fromall of the measurements made for this fault, can you rule out the 
probability of an op-amp failure? Discuss this and cite the measure- 
ment(s) that support your answer. 

2. Do the measurements made for this fault clearly indicate a feedback 
resistor failure? Discuss the measurement(s) made that support your 
conclusion. 

Quick Check 

1. The output of a summing amplifier is proportional to the sum of the inputs. : 
True False : 

2. Vout can be described as the sum of the input voltages times the ratio, 

Rg: Rin. 
True False 

3. IfRg opens, the output ; 

(a) could saturate (b) increases in proportion to Vin 
(c) increases the current gain (d) could go to zero 
4. The summing amplifier can mix AC and DC voltages. 


True False 
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RC OSCILLATORS 


INTRODUCTION 


: RC oscillators serve to provide very good sources of sinewave signals from very 
: low frequencies to high frequencies in the range of 1 MHz. These oscillators are 
: characterized by a frequency-determining RC network connected in a regenera- 
: tive feedback loop and a degenerative feedback loop to control the overall gain 
: to meet the Barkhausen criteria for oscillation. 

This experiment will let you explore the popular Wien-bridge oscillator and 
: also the twin-T oscillator. The Wien-bridge oscillator uses a series and a parallel 
: RC circuit as bandpass filters connected to the noninverting input. A portion of 
: the output signal is fed back to the inverting input and is used to control the gain 
: of the amplifier. 

The twin-T filter oscillator is sometimes called a notch filter because it 
: notches out or attenuates frequencies near fr. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 13, Sections 13.3 
and 13.44 


2 OBJECTIVES 

: In this experiment you will: 
Y Understand the basic RC oscillator fundamentals 
¥ Demonstrate the operation of the Wien-bridge oscillator 
¥ Demonstrate the operation of the twin-T oscillator 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Oscilloscope 

Operational amplifier, 741 or equivalent 
Small-signal diode [2], 1N914 or similar 

Red LED, TIL221 or similar 

Resistors: 100 Q [2], 10 kQ, 12 kQ [4], 50 kQ [2] 
Potentiometer: 50-kQ ten-turn trimpot 
Capacitors: 0.01 pF [2], 10 pF [2], 200 pF 


SECTION I FUNCTIONAL EXPERIMENT 


Wien-Bridge Oscillator 


1. Construct the circuit in Figure 50.1. Set 
Rs to 25 kQ, and temporarily short R4 
and the Z diodes by placing a jumper 
in parallel. 


2. Calculate and record the expected fo. 
f. = 


3. Tum on circuit power. Monitor the 
output of the oscillator with your oscil- 
loscope. It is necessary for your oscilla- 
tor operation that the closed-loop gain 
be very close to 3, and this requires Rs 
to be twice the value of R3 . If Rs is 
larger than 2R3 , the gain will be 
greater than 3 and the oscillator will 
produce a squared waveform. If Rs is 
less than 2R3, the gain will be less than 
3 and there will be no oscillation. Figure 50.1 


4. Slowly adjust Rs to the point of a stable sinusoidal output waveform. 
Measure and record below the peak-to-peak oscillator output signal. 


Vout (peak-to-peak) = 

Measure and record the frequency at the output signal. 

f, = 

Does the oscillator appear to be a symmetrical sine wave? 


5. Slowly readjust Rs to increase its resistance and note below the results on 
the output waveform. 


Slowly readjust Rs to decrease its resistance and note below the ef- 
fect on the output waveform. 


6. Readjust Rs to produce a stable sinusoidal waveform. (You should have 
found that a very small change in Rs made a significant change in the os- 
cillator output.) 


R5= 


7. Replace Rs in the circuit. Remove the jumper shorting Ry and the diode 
network. Adjust Rs to obtain a stable sinewave form of approximately 
410 5 Vp». 
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Could you do this with the diode network shorted? 


8. Slowly adjust Rs to increase and decrease its resistance while observing 
the output waveform. Note below the differences in circuit operation. 
Consider such things as: 


(a) Is the oscillator capable of maintaining oscillation at less than full- 
scale output amplitude? 


(b) Is the operating frequency the same? 
(c) Is the circuit as sensitive to changes in feedback (R5 :R3 ratio)? 


The Twin-T Oscillator 
1. Calculate f, for the circuit in Figure 
50.2. 
f, = 


Construct the circuit in Figure 50.2. 


3. Turn on the power. Use your oscillo- 
scope to monitor Vou. While ob- 
100 2 serving the LED, adjust 
potentiometer R, until the LED no 
longer blinks. This is the notch of 
the twin-T oscillator. Readjust R4 
for a stable sinewave output. Meas- 
= ure and compare the oscillator fre- 
quency to that calculated in step 1. 


Cc 
| 200 pF 


Figure 50.2 


: 4. Remove power from the circuit. Replace C; and C2 with 0.01-uF 
i capacitors. Recalculate f.. 

f, = 
5. Retum the potentiometer R, to its greatest resistance value (50 kQ). 


6. Reapply circuit power. Adjust R, to obtain a stable, undistorted sinewave 
: output. Measure the frequency of the output and compare to your fre- 
quency calculation of step 4. 


Note: You should find pretty close agreement in the two values. 
f= (measured) 


7. Monitor the circuit output and slowly adjust Ry (near its midpoint) to a 

i point of minimum of no output. This the notch point of the twin-T. Re- 
call that at the notch frequency minimum regenerative feedback is ob- 
tained, and at this frequency the phase shift through the twin-T filter is 
0°. This will occur at an Rg setting of 1/2R: the 50 kQ of Rs and Re. 


| 8. Remove the potentiometer and measure the resistance value. Does it 
i measure R/2? 
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DISCUSSION 


1. Discuss the effect of adjusting the potentiometer on the output of the 
Wien-bridge oscillator. Include in your discussion why the output would 
go to saturation (clipping or no output). 

2. Discuss the effect of disabling the diode network of the Wien-bridge 
oscillator. Did the diode network add stability to the oscillator? 

3. What effect did changing the twin-T capacitors C; and C2 have on the 
operation of the circuit? 

Quick Check 

1. Another name for the twin-T filter oscillator is 

2. The Wien-bridge oscillator is used for oscillation below 1 MHz. 
True False 

3. The twin-T oscillator is part of the negative feedback circuit and therefore : 
increases gain. : 
True False 

4. Gain is dependent on feedback signal strength. 


True False 
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COLPITTS AND CLAPP 
OSCILLATORS 


INTRODUCTION 


: The Colpitts and the Clapp oscillators are used wherever frequencies greater 
: than 1 MHz are needed. The Clapp oscillator is a variation of the Colpitts oscil- 
: lator, having an extra capacitor in the tank circuit, which is the primary fre- 
: quency-determining capacitor, providing a more stable oscillator. 


In this experiment you will construct a Colpitts and Clapp oscillator, calcu- 


| late the output frequency, and observe and measure the output frequencies. 


The troubleshooting section will let you see the effect of an open capacitor 


on the oscillator operation. 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 13, Section 13.5 


_ OBJECTIVES 


In this experiment you will: 


Y Determine the operating characteristics of the Colpitts oscillator 
Y Determine the operating characteristics of the Clapp oscillator 


| EQUIPMENT AND MATERIALS 


DC power supply 

Oscilloscope 

Frequency counter 

Circuit protoboard 

NPN transistor, 2N3904 or equivalent 

Resistors: 4.7 kQ, 120 kQ, 240 kQ 

Capacitors: 20 pF, 100 pF [2], 0.01 pF [2], 0.022 uF 
Inductors: 10 mH, 1 mH 


SECTION I FUNCTIONAL EXPERIMENT 


The Colpitts Oscillator 


1. Construct the circuit in Figure 
51.1. 


2. Connect power to the circuit. Ob- 
serve the output frequency with 
the oscilloscope. 


Note: Use the x10 probe 
for this measurement. 


3. Using the frequency counter, 
measure the output frequency. 


f, = (measured) 
4. Calculate the expected resonant frequency for your oscillator. How well 
does this compare to the measured frequency? 
f, = (calculated) 
5. Tum the DC power off. 


6. Add a20-pF capacitor from the base of the transistor to ground. Connect 
this capacitor right at the base of the transistor. 


7. Reapply circuit power. Measure the output frequency of your oscillator 
and record below. 


f, = 
Calculate the percentage of frequency shift from the original frequency 
measured. 
% shift = 

The Clapp Oscillator O+15V 


1. Disconnect power. Insert a 
100-pF capacitor between the 
output and L; to create the 
Clapp oscillator of Figure 
51.2. Disconnect the 20-pF 
capacitor in the transistor 
base. 


2. Using the oscilloscope and the 
frequency counter, observe 
and measure the output sig- 
nal. 


f, = 


Figure 51.1 


: The difference between the 
: Colpitts and Clapp oscillators 
' is their frequency sensitivity to 
: Changes in the input capacity of 
: the amplifier. Beginning with 
: step 6, you will simulate a 
: change and measure the corre- 
: sponding frequency shifts for 
: the Colpitts. In a later part of 


this experiment, you will do the 
same for a Clapp oscillator. 


C3 
2 C1 100 pF 
0.022 .F 
— Le 
1 mH 
Figure 51.2 
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, 3. Turn DC power off. Add a 20-pF capacitor between the transistor base and 


ground. 


4. Reapply circuit power. Using your oscilloscope, observe the output signal. 


You should find that the Clapp : 
oscillator experienced about | 
half the percentage shift of the : 
Colpitts oscillator, illustrating : 
the advantage of the Clapp os- : 
cillator stability. 


With the frequency meter, measure the output frequency and record it be- 
low. 


f. = 
Calculate the percentage shift in frequency caused by the additional capacity. 
% shift = 


SECTION II TROUBLESHOOTING 


' Fault I - Feedback capacitor (Cf) open 


1. With circuit power off, disconnect and remove the 20pF capacitor shunting 


the base of the transistor. Simulate an open feedback capacitor by discon- 
necting one end of Cr. 


: 2. Using the oscilloscope, monitor the output signal. What do you observe? 


_ DISCUSSION 


Section I 


1. Discuss the reason, using frequency calculations, why the 20-pF capacitor 


affected the Colpitts oscillator to a greater extent than the Clapp oscilla- 
tor. 


, 2. For the Clapp oscillator, at what frequency did the capacitive reactance of 


Ceq equal the inductive reactance of L;? 


, 3. Discuss the feedback signal to the base of the transistor. Is the feedback 


regenerative or degenerative? 


; Section II 


: Fault 1 - Feedback capacitor (Cr) open 
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Discuss the effect of an open feedback capacitor on your oscillator. 
Include in your discussion the additional measurements you need to 
make to isolate a defective feedback capacitor. 


Quick Check 


1. The Colpitts oscillator is typically used where frequencies between 
1 MHz and 500 MHz are needed. 


True False 


2. The Clapp oscillator is more stable than the Colpitts oscillator. 
True False 


3. The Colpitts oscillator uses an RC network as feedback. 


True False 


4. The Clapp oscillator is a modification of the Colpitts oscillator. 
True False 
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HARTLEY 
OSCILLATORS 


INTRODUCTION 


: The Hartley oscillator is another type of LC oscillator. Like the Colpitts and the 
: Clapp oscillators, the Hartley oscillator requires feedback and uses a resonant 
: LC network to determine the frequency of operation. In the Hartley oscillator, 
: feedback is developed by the inductive voltage divider of L and L2. 


This experiment will let you build and test a Hartley oscillator and check 


your measured values against your calculated values. 


In the troubleshooting section, you will simulate a circuit failure and make 


measurements to see the effect on circuit operation. 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 13, Section 13.5 


| OBJECTIVES 


In this experiment you will: 


¥ Determine the characteristics of the Hartley oscillator 


¥ Determine the effect of a circuit failure on the circuit operation 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Oscilloscope 

Frequency counter 

Circuit protoboard 

NPN transistor, 2N3904 or equivalent 
Resistors: 2.2 kQ, 10 kQ [2] 

Capacitors: 20 pF, 47 pF, 100 pF, 0.01 pF [2] 
Inductors: 15 wH, 1 mH, 10 mH 


SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit in Figure 
52.1. 


2. Using the oscilloscope and the 
frequency counter, measure 
and observe the waveform at 
the output of the oscillator. 


Note: Use the x10 
probe for oscilloscope 
observations. 


f= 


3. Calculate the resonant Figure 52.1 
frequency for the circuit in 
Figure 52.1. 


fc= 


4. Remove power from the circuit. Replace the 100-pF capacitor with a 
47-pF capacitor. What effect do you predict this will have on the opera- 
tion of the circuit? 


5. Reconnect power and measure and observe the output signal. 


{= 


SECTION II | TROUBLESHOOTING 


Fault 1 - Tank capacitor open 
1. Remove power from the circuit. Disconnect the tank capacitor from the 
circuit. 


2. Reconnect power. Observe and measure the output frequency. 
f, = 


Fault 2 - Reduced feedback signal 

1. Disconnect power from your circuit. Reconnect the tank capacitor. 
Connect an 82-kQ resistor in series with Cr, between Cr and the junction 
of Ri and R2. 


Note: This is not a normal failure mode for the circuit; however, it 
will let you observe the effect of a low amplifier input impedance in 
reducing the effective feedback of the oscillator tank. 
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: 2. Reconnect power and measure the output signal. 


f= 


_ DISCUSSION 


Fault I - Tank capacitor open 
i Describe the effect of an open tank capacitor on the operation of your 
oscillator. 


Note: An inductor will self-resonate due to the distributed capacity 
of the windings. Could this have had an effect on your observed re- 
sults? 


Quick Check 
1. The Hartley oscillator is an example of an LC oscillator. 
True False 


2. An open Cp has no effect on the operation of the oscillator. 


True False 


| 3. The feedback ratio of a Hartley oscillator is C1/C2. 


True False 
4. The term for introducing a small amount of energy back into an electronic 
: oscillator is 

(a) a current mirror (b) feedback 

(c) reactance (d) resonance 


5. The feedback to the transistor base is degenerative. 
True False 
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RELAXATION 
OSCILLATORS 


INTRODUCTION 


An important application of RC networks is in the relaxation oscillator, where | 
the RC timing controls the circuit, producing a square wave. This type of oscil- : 
lator is often called a multivibrator. 

In this experiment you will build an op-amp relaxation oscillator and, : 
through circuit measurements, see the basic characteristics of the relaxation os- | 
cillator. 

The troubleshooting section will let you simulate a circuit failure and see the : 
effect on the circuit operation. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 13, Section 6 


OBJECTIVES 
In this experiment you will: 


¥ Understand the characteristics of a relaxation oscillator 


v Determine the effects of changing the capacitive value on the output 
waveform 


Y Understand the effect of a circuit failure on the circuit operation 


EQUIPMENT AND MATERIALS 


DC power supply 

Oscilloscope 

Frequency counter 

Circuit protoboard 

Operational amplifier, 741 or equivalent 
Resistors: 2.2 kQ, 18 kQ, 2.2M 
Potentiometer: 5-kQ ten-tum trimpot 
Capacitors: 0.01 pF, 0.47 uF [2], 0.1 pF 
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: SECTION I FUNCTIONAL EXPERIMENT 


Construct the circuit in Figure 53.1. Adjust the potentiom- 
eter for a resistance of 5 kQ. 


Tum on the power. Measure and observe the waveform 
and frequency at the output. 


Vout = 

f, = (measured) 

Determine the output frequency for your oscillator. 
f= (calculated) 


Connect channel 2 of your oscilloscope to the top of 
capacitor C; (at the inverting input of the op-amp). With 
channel 1 connected to the oscillator output, observe the 
capacitor waveform versus the output diagrams of 
Figure 53.1 Figure 13.35 in your text. 


Can you relate the UTP and LTP to the output waveform? 


5. Disconnect power and adjust the potentiometer for a resistance of 2.5 kQ. 
What effect do you predict this will have on the operation of the circuit? 


6. Tum on power. Measure and observe the waveform and frequency at the 
output. 


f= —CSCSSC;mepssrre) 
; 7. Tum power off. Replace C; with the 1pF capacitor. 
: 8. Recalculate the output frequency. 


f= ———SC_sCa culated) 

: 9. Reconnect power. Monitor and measure the output frequency. 
fo = (measured) 

SECTION II TROUBLESHOOTING 


: Fault I - Potentiometer R; open 
: 1. Tum off the power. To simulate an open (very high resistance) failure of the 
potentiometer, disconnect the potentiometer (R1) and replace it with a 
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2.2-MQ resistor. What do you predict the effect will be on the operation 
of the oscillator? 


2. Turn on the power. Monitor the output signal. Is there an output square 
wave? 


Fault 2 - Capacitor C; open 
1. Turn off power. Replace the potentiometer in the circuit and remove the 
2.2-MQ resistor. Discnnnect the ground lead of C1. 


2. Tum on the power. Monitor the output signal and note below the output 
you observe. 


DISCUSSION 


Section I 


1. Discuss the effect of the feedback value on the frequency of operation of 
the relaxation oscillator. For example, if in the circuit of Figure 53.1, Rp 
were changed to 4.7 kQ, what effect would this have on the output fre- 
quency? 


2. Describe how you would modify or what additional circuitry you would 
add to the circuit of Figure 53.1 to make the output TTL compatible, that 
is, to obtain an output square wave that changes from 0 V to +5 V. 


Section II 


Fault I - Potentiometer Ri open 
In step 1 of this section you simulated a very large resistance failure of the : 
potentiometer. Describe the effect on the circuit if Ri opened completely. | 


Fault 2 - Capacitor Ci open 
Could an op-amp failure have resulted in the same measured output from 
your oscillator? Discuss what additional measurements you would make 
to isolate the failure to capacitor C). 


Quick Check 
1. A relaxation oscillator produces a sawtooth wave form. 


True False 


2. The term trip point refers to the voltage the capacitor must exceed to pro- 
duce changes in output. 


RELAXATION OSCILLATORS 219 


220 EXPERIMENT 53 


True False 


The output frequency depends on the charge and discharge time of the 
resistors. 


True False 
If the Ri value were 3 kQ and the C; value were 0.47 WF, what would the 
output frequency be for the circuit in Figure 53.1? 


(a) 2.5 kHz (b) 25 kHz 
(c) 250 Hz (d) 250 k Hz 


04 


DIFFERENTIATORS 
AND INTEGRATORS 


INTRODUCTION 


The differentiator is an electronic circuit that performs the mathematical func- : 
tion of differentiation. The output voltage is proportional to the slope (rate of : 
change) of the input voltage. The integrator performs the mathematical function : 
of integration. i 

Differentiator and integrator circuits find application in industrial electronic : 
control loops. Additionally, they can be used to change signal waveforms. The : 
differentiator will produce a rectangular waveform from a triangular input. The ; 
integrator will produce a triangular waveform from a rectangular input. 

In this experiment you will build and explore the op-amp differentiator and ; 
integrator. You will also see the waveform-changing function of these circuits. : 

The troubleshooting section will let you see the effect of a simulated circuit : 
failure on circuit operation. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 13, Section 13.7 


OBJECTIVES 
Through this experiment you will: 
Y Understand the operation of the differentiator 
Y Understand the operation of the integrator 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Dual-trace oscilloscope 

Circuit protoboard 

Operational amplifier, 741 or equivalent 
Resistors: 1 kQ, 10 kQ 

Capacitors: 0.01 pF, 0.47 pF [2] 
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SECTION I FUNCTIONAL EXPERIMENT 


The Differentiator 


Construct the circuit in Figure 54.1. 


Connect your function generator set to squarewave 
output and adjust to 2 Vp-p at 1 kHz. Apply DC power 
to the circuit. 


Connect your oscilloscope in dual-trace mode to monitor 
both vin and Vou. Observe the signal waveforms. The 
output of the differentiator is given by: 


Avin 
= C1R2| —— 
Vout 1 { At 


Notice that at the leading and trailing edges of the input 

signal there is an output from the differentiator. Also 

Figure 54.1 when the input is constant, even though it is not zero, 
there is no output. 


Sketch the oscilloscope display in Graph 54.1, noting the peak values of 
the signals. 


| 4. Switch the function generator to obtain a triangular waveform of 2 Vp-p at 
1 kHz. Observe the oscilloscope display. Notice that as long as the input 
signal is changing at a fixed rate, the output is a nearly constant value. 


Sketch the oscilloscope display in Graph 54.2, noting the signal peak values. 


: 5. To illustrate the differentiator function, set your function generator to obtain 

a sinewave output of 2 Vp-p at 1 kHz. Notice that your output is also a 
sinusoidal waveform. It is, however, phase shifted by 90 degrees to the 
input. This is a cosine wave, since the derivative of the sine is the cosine. 


Graph 54.1 Graph 54.2 
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The Integrator 
Construct the circuit in Figure 54.2. 


Apply DC power to your circuit. Set the function generator to provide a 
squarewave signal of 2 Vp-p at 10 kHz. 


Connect your oscilloscope to monitor both the input and output signals. 


The output of the integrator is given by: 


Vout= — na (vinAt) 


Sketch the oscilloscope display in Graph 54.3, noting the peak values of 
the signals. 


Figure 54.2 


SECTION II TROUBLESHOOTING 


Fault I - Integrator R2 open 


1. 
2: 


Remove power from the circuit. Remove R2 from the circuit. 


Reapply power to the circuit. Make two sets of measurements, the first 
with the function generator disconnected and Vin jumpered to ground. 
Repeat this measurement two or three times, watching the amplifier out- 
put on your oscilloscope carefully as you switch the DC power on. After 
a short interval, switch the DC power off, and briefly short capacitor Ci 
to discharge before reapplying power. 


For the second measurement connect your function generator and apply a 


2-Vp-p, 10- kHz squarewave input. Measure the input and output signals. 
Record your observations for each measurement. 


First Measurement 


Second Measurement 


: As long as the input signal is a 
: constant value, either positive 
: or negative, the output of the in- 
i tegrator will be a voltage in- 
i creasing at a rate determined by 
: RiC; in the opposite polarity of 


Graph 54.3 
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Fault 2 - Integrator C; open 
: 1, Remove power from the circuit. Replace Ro. 


; 2. Remove Ci from the circuit. Before reconnecting power, can you predict 


what the output might be? 


: 3. Reapply DC power and the squarewave input. Monitor the input and output 


signals. Note your observations. 


_ DISCUSSION 


. Section I 


; 1. Considering the various measurements you made of the differentiator, dis- 


cuss the one you found most informative and interesting. 


2. Discuss what you think the output of the integrator would have been with a 


10-kHz sinewave applied. (Consider the differentiator measurement of 
step 4 and the integrator measurement of step 3.) 


, 3. Suggest an automotive or household application for either the differentiator 


or the integrator. Describe your application in block diagram form. 


Section IT 


: Fault I - Integrator R2 open 


Do you think your circuit would have displayed the results you observed if 
you had been using an "ideal" op-amp? An ideal op-amp has an input off- 
set voltage of zero and a perfectly balanced input bias current. Discuss 

this concept, indicating why you chose your response to the question. 


, Fault 2 - \ntegrator C; open 


Discuss your measurement results for this fault. Did your observed results 
point clearly to C; being the problem? 


Quick Check 


1. A differentiator produces a spiked output if the input waveform is a square 
wave. 
True False 


2. An integrator produces a square wave output from a spiked input. 


True False 


The differentiator response to the input pulse width is dependent on the RC 
time constant. : 


True False 


The integrator response to a squarewave input is a spiked output. 
True False 
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: output. 
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OP-AMP DIODE 
CIRCUITS 


INTRODUCTION 


The use of an op-amp in diode circuits provides nearly "ideal" circuit results. The 
: active rectifier, limiter, and clamper circuits all have the diode in the feedback 


: loop, effectively eliminating the forward voltage drop of the diode in the circuit 


In this experiment you will build the active halfway rectifier, limiter, and 


clamper. In addition, you will examine the each circuit in operation, making 
: measurements to see the circuit characteristics. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 14, Section 14.1 


_ OBJECTIVES 

| In this experiment you will: 
Y Understand the operation of the half-wave rectifier 
Y Observe the operation of an active limiter 


¥ Work with an active clamper 


; EQUIPMENT AND MATERIALS 


Function generator 

DC power supply 

Dual-trace oscilloscope 

Frequency counter 

Circuit protoboard 

Diode, 1N914 or similar 

Operational amplifier, 741 or equivalent 

Resistors: 1 kQ [2], 2.2 kQ, 10 kQ, 12 kQ, 100 kQ, 220 kQ 
Potentiometer: 10-kQ ten-tum trimpot 

Capacitors: 0.01 pF [2], 0.33 pF 


SECTION I FUNCTIONAL EXPERIMENT 


The Half-Wave Rectifier 


The half-wave rectifier you will be testing in this first part of the experiment not only provides half wave rectifi- 
cation; it also provides a signal gain. You should expect to see an output waveform that eliminates the diode voltage 


drop and is larger than the input signal supplied. 


1. Construct the circuit in Figure 55.1. 


2. Connect your oscilloscope to monitor the input signal and 
the output signal across the load resistor. 


3. Set the generator to provide a 300-mV>.p sinewave at 
500 Hz. Apply DC power to the circuit. 


4. Sketch the input and output waveforms in Graph 55.1, 
noting the signal peak values. 


5. Adjust the oscilloscope vertical trace controls so that the in- 
put and output waveforms overlap each other. Is there 
any indication of diode forward drop in the output wave- 
form? 


Figure 55.1 


6. Tum offthe DC power. Reverse the polarity of the diode. 
Sketch the expected output waveform in Graph 55.2. 


7. Reapply DC power and the input signal of step 3. Sketch 
the input and output waveforms in Graph 55.3, noting 
the signal peak values. 


The Active Limiter 
1. Construct the circuit in Figure 55.2. Initially adjust 
voltage divider resistor R2 for zero output. 


2. Set the function generator to sinewave output of 2 Vp.pat 
1 kHz and connect the function generator to the limiter 
input junction. Turn on DC power. 


Graph 55.1 


Graph 55.2 Graph 55.3 
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3. Connect your oscilloscope to monitor both vin and 
Vout. Sketch the oscilloscope display in Graph 
55.4, noting the signal peak values. 


4. Adjust the voltage divider Ro for a voltage of 0.75 V 
to the op-amp noninverting input. Sketch the out- 
put waveform in Graph 55.5, noting the 0-V refer- 
ence levels and peak signal values. 


5. Vary the setting of R2 while observing the output 
waveform. Describe the effect of a larger and 
smaller voltage to the op-amp noninverting input. 


Figure §5.2 
Graph 55.4 Graph 55.5 


i The Active Clamper 
: 1. Construct the circuit in Figure 55.3. Connect your function generator to the 
clamper input and apply DC power. 


2. Set the function generator to provide a 2-Vp-p sine wave at 1 kHz. 
3. Connect your oscilloscope to monitor Vin and Vout (Vout DC coupled). 


4. Sketch the oscilloscope display in Graph 55.6, noting the 0-V reference 
and peak values of the signals. 


Graph 55.6 Figure 55.3 
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5. Tum off circuit power. Connect the diode in reversed 
direction (cathode to the op-amp).- 


6. Reapply DC power and input signal of 2 Vp-p at 1 kHz. 
With your oscilloscope connected as in step 3, observe 
the circuit input and output waveforms. 


Is the output signal positively or negatively clamped? 


Is the signal clamped to the 0-V reference, or is there a 
small overshoot due to the diode voltage drop? 


Graph 55.7 
7. Sketch the oscilloscope display in Graph 55.7, noting the 0-V reference 
and signal peak values. 
DISCUSSION 
The Half-Wave Rectifier 


Contrast the active diode rectifier to the discrete device rectifier. Consider 
what the expected output of the discrete device rectifier would be witha 
2-Vp-p input signal, taking into account the diode forward voltage. 


The Active Limiter 
Discuss the effect of the positive DC bias on the active limiter, and 
describe the circuit operation to produce the output you observed with 
the DC voltage set to 0.75 V. 


The Active Clamper 
1. Why is the effect of the diode forward voltage drop not seen in the 
clamping levels in the active clamper? Describe the circuit operation to 
produce the output waveforms you observed. 


2. Contrast the active clamper to a discrete device clamper. Consider the 
input signal magnitudes, the complexity of circuitry, and the two circuit 
results. For example, are there signal levels where you would not recom- 
mend the active clamper? 


Quick Check 
1. The term nonlinear means that something is not moving in a straight line. 


True False 


2. The output limit of the limiter is established by the DC level at the 
non-inverting input. 


True False 
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2 3. The clamper changes the reference of the output signal. 
: True False 


4. Diode polarity has no effect on the polarity of the limiter output signal. 
True False 
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SCHMITT TRIGGER 
CIRCUITS 


INTRODUCTION 


Schmitt trigger circuits are comparators that use positive feedback to accentuate | 
the switch transition. Positive feedback aids in reducing spurious triggering. The : 
Schmitt trigger is useful in industrial and control applications. 

In this experiment you will construct an inverting and a noninverting : 
Schmitt trigger and observe the operation of both of these circuits. 


REFERENCE 
Principles of Electronic Devices and Circuits-Chapter 14, Section 14.2 


OBJECTIVES 
In this experiment you will: 
Y Study the operating characteristics of the inverting Schmitt trigger 


Y Observe the operating characteristics of the noninverting Schmitt 
trigger 


EQUIPMENT AND MATERIALS 


DC power supply 

Function generator 

Dual-trace oscilloscope 

Circuit protoboard 

Small-signal! diode [2], 1N914 or similar 

Operational amplifier, 741 or equivalent 

Resistors: 1 kQ, 4.7 kQ, 10 kQ, 12 kQ, 15 kQ, 68 kQ, 82 kQ 
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| SECTION I FUNCTIONAL EXPERIMENT 


The Inverting Schmitt Trigger 
1. Construct the circuit in Figure 56.1. Apply power to the circuit. Adjust 
the function generator for a 10-Vp-p sine wave at 400 Hz. 


2. Monitor the input and output signals and sketch the waveforms in 
Graph 56.1, noting the voltage level of the input signal when your 


Schmitt trigger changes state. 

3. Remove power from the circuit. Replace Rr2 with a 10-kQ resistor. 
Predict the UTP and LTP. 
UTP = LTP = 


4. Turn on the power, and monitor the input and output waveforms. Sketch 
the oscilloscope display in Graph 56.2, noting the input signal volt- 


Figure 56.1 age when the Schmitt trigger changes state. 


Graph 56.1 Graph 56.1 


The Noninverting Schmitt Trigger. 
1. Construct the circuit in Figure 56.2. Apply DC power. Adjust 
the function generator for a 10-Vp-p sine wave at 1 kHz, and 
connect it to the circuit input. 


Monitor the input and output of the Schmitt trigger. Sketch 
the oscilloscope waveforms in Graph 56.3, noting the 

input signal voltage at the point where the Schmitt trigger 
output switches. 


Remove power from the circuit. Replace Rin with a 4.7-kQ 
resistor. Predict the effect on the output waveform. Recalcu- 
late the new UTP and LTP. 


UPT=_ LTP = 


Reapply power and monitor the input and output signals. 
Sketch your oscilloscope display in Graph 56.4, noting the 

; input voltage level at the point where the Schmitt trigger out- 
Figure 56.2 put switches. 
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Graph 56.3 Graph 56.4 


DISCUSSION 


The Inverting Schmitt Trigger 
Your inverting Schmitt trigger had a built in hysteresis. Define hysteresis 
and illustrate your definition using the measured values of step 3. 


— 


Explain how you might use a Schmitt trigger with a temperature trans- 
ducer whose output is 700 mV at 70°F and 750 mV at 75°F, to control 
temperature in a house. 


The Noninverting Schmitt Trigger 
Sketch the hysteresis curve for your Schmitt trigger circuit of Figure 56.2 
using the data of step 3. Then determine the new value of UTP and LTP 
if diode D; and Rr2 were disconnected. Sketch the new hysteresis curve 
for that circuit. 


~ 


Quick Check 
1. The Schmitt trigger is a wave-shaping circuit. 
True False 


2. The term LIP stands for ; 


(a) Lower Trigger Point (b) Lower Transition Point 
(c) Last Transition Point (d) Last Trigger Point 
3. The Schmitt trigger produces a squarewave output for any wave form at 
the input. 
True False 


4. What is the UTP and LIP for the circuit of Figure 56.1 with Ry =2.2kQ? | 
UTP = LIP = : 
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WINDOW 
COMPARATORS 


INTRODUCTION 


, The window comparator is a special form of comparator. The output of the win- 
: dow comparator is active only when the input signal is within a given voltage 
_ Tange. Hence, the name window comparator. 


. In this experiment you will build an op-amp window comparator. Then you 


will make measurements to let you see the operating characteristics of this com- 
: parator. 


The troubleshooting section will let you simulate a circuit fault and make 


measurements to see the effect of the fault. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 14, Section 14.3 


_ OBJECTIVES 


In this experiment you will: 


~ Understand the operating characteristics of the window comparator 


¥ Determine the effect of a failure on the circuit parameters 


_ EQUIPMENT AND MATERIALS 


Function generator 

DC power supply 

Digital multimeter 

Circuit protoboard 

Small-signal diode [2], 1N914 or similar 
Operational amplifier, 741 or equivalent 
Resistors: 1 kQ [2], 2.2 kQ, 3.3 kO 


SECTION I FUNCTIONAL EXPERIMENT 


Figure 57.1 Graph 57.1 


1. Build the circuit of Figure 57/1. Apply DC power. Connect your function 
generator, set to provide a 400-Hz triangular wave at 10 Vp-p. 


2. Connect your oscilloscope, calaeteese mode, to monitor the input and 
output signals. Sketch the oscilloscope display in Graph 57.1. 


3. Measure and record the voltage level of the input signal at the point where 
the output goes high (vin1) and the input signal voltage at the point where 
the output switches from high to low (vin2). 


Vinl = Vin2 = 


4. Using the data of step 3, calculate the input window voltage range, 
Vw = Vin1 ~ Vin2. 


Vw = 


5. Disconnect your function generator. Using your voltmeter, measure the 
DC voltage at the anode of Dj) to ground. This is vn. Record it below. 


Vai = 
6. Measure and record the voltage from the cathode of D2 to ground. 
Vn2 = 


7. From your data of steps 5 and 6, calculate the lower and upper trip points 
for your circuit. 


Vite = Vute = 


How well do your calculated data compare to the measured values of 
step 2? 
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Graph 57.2 
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SECTION II TROUBLESHOOTING 


Fault I - Divider resistor R3 open 
il. Tum off the signal source and DC power. Remove the 3.3-kQ R3 and re- 


place it with a 1-MQ resistor. 


2. Reapply DC power and AC signal source. Using your 
oscilloscope, monitor the input and output signals. 
Sketch the oscilloscope display in Graph 57.2. 


3. Disconnect the signal source. Measure and record the fol- 


lowing DC voltages: 
V-qpin7) = 
V-(pin4) = 
Vai = 
Vn2 = 
| DISCUSSION 
Section I 


1. Suppose you are required to monitor a 4.5-V power supply and indicate a 


problem if the supply output shifts by more than 0.5 V. Discuss the use 
of a window comparator for this application. 


2. Can you suggest another application for a window comparator? Describe 


your application and draw a block diagram to go with your description. 


Section II 


Fault 1 - Divider resistor R3 open 


Do your measurements for this fault prove the failure of R3? In your 
response, cite your measured data to illustrate your conclusions. 


| Quick Check 


| 1. A window comparator indicates when an input is between two limits. 


True False 


2. The output voltage goes high when the input voltage reaches LTP. 


True False 


The output voltage goes low when the input voltage reaches UTP. 
True False 


For the circuit of Figure 57.1, what is the new Virp if R3 = 3.9 kQ? 


Virp = 
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ACTIVE LOW-PASS 
FILTERS 


INTRODUCTION 


: Active filters are popular because they produce better filtering at a lower cost. 
: The active component, the op-amp, makes up for losses the passive filters usu- 
: ally produce. Active filters are smaller, have less weight, and are less expensive 
‘ than the LC filters. The coils in the LC filters are expensive and large. 

In Section I of this experiment you will calculate and measure the A, in the 
: mid-band and at f, of the op-amp Butterworth active filter. You will also contrast 
! the rolloff differences above f, between a first- and second-order filter. 

In Section II you will see how a shorted C, affects the filter output. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 15, Section 15.3 


_ OBJECTIVES 
Through this experiment you will: 


Y Understand the operation of the low-pass active filter 
Y Be able to contrast first- and second-order active low-pass filters 


Y Observe the effects on the filter output for a common failure 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Dual-trace oscilloscope 

Function generator 

Circuit protoboard 

Operational amplifier, 741 or equivalent 
Resistors: 33 kQ, 22 kQ, 10 kQ [2] 
Capacitors: 0.022 pF, 0.01 pF 


238 EXPERIMENT 58 


SECTION I FUNCTIONAL EXPERIMENT 


10. 


11. 


12. 


Build the circuit of Figure 58.1. Ri 


Connect one channel of your oscilloscope to Vin and one “= 


channel to Vout. Vin must be monitored and adjusted when nec- 


R 
essary to maintain the set value. » kQ 
Connect your signal generator to Vin. Set the generator to pro- R 
vide a sinewave signal of 500 mVp-p at 800 Hz. Measure and 33 kQ 
record Vin and Vout. This is the mid-band Ay. 

Vin a = Vout = Ay _ oe 
Figure 58.1 


Adjust the signal generator to increase frequency until Vout drops 
off to 0.707 of the Vout recorded in step 3. Record this fre- 
quency. 

f. = 

Calculate and record the Av, fo, 


Vout (at mid-band), and Vout (at 
f,) of Figure 58.1. 


i 


Ay = 
f = 
- 0.8 10 1.2 14 16 1.8 2.0 
Vout(mid) Frequency (kHz) 
Vout(fce) = 


Table 58.1 Graph 58.1 


Adjust the signal generator to the frequencies listed in Table 58.1. 
Measure Vout and record for each of the listed frequencies. 


Plot your data of step 6 in Graph 58.1. 
Build the circuit of Figure 58.2. Apply DC power. 


Connect your signal generator to the circuit input and ad- 
just the generator to provide a 500-Hz sinewave at 
500 mVp-p. Connect your oscilloscope for the dual- 
trace mode in order to monitor the circuit input and 
output. 


Measure and record below the input and output 
voltage levels. 


Vin(p-p) = ___ Voutp-p) = 


Repeat the measurements of step 6, using Table 58.2 for 
recording your data. 


Plot the data of step 11 in Graph 58.2. 


Figure 58.2 
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1.2 
Vout 
0.8 
0.4 
08 10 1.2 14 16 18 20 
Frequency (kHz) 
Table 58.2 Graph 58.2 
| 
SECTION II TROUBLESHOOTING 


5 


Fault I - C; shorted 
1. Tum DC power off. In your circuit of Figure 58.2, place a shorting wire 
across C;. Reapply DC power. 


| 
H 
| 
| 
| 


2. Apply an input of 500 Hz at 500 mVp.p. Measure and record the circuit out- 
put. 
Vout = 
| DISCUSSION 
Section I 
1. You should have found that the Ay (mid-band) of Figure 58.2 is approxi- 


mately 1.60. Discuss this gain value; is there anything significant about 
| this figure to you? 

| 2. You should have found that in the second order active low-pass filter of 
: 

| 


Figure 58.2 the output voltage fell off very quickly. Discuss the rolloff 
rate vs. the rolloff rate for the first-order filter of Figure 58.1. 


| Section II 


Fault 1 - C; shorted 
Describe your circuit result for this failure. Could this same result have 
been due to an op-amp failure? What do you think would be the effect if 
C; changed values? 


Quick Check 


1, 


A low-pass filter actually cuts off frequencies. 
(a) high (b) low 


The active low-pass filter is actually more expensive than the LC filter. 


True False 


The rolloff for a second-order active LP filter is 


(a) 20 dB per decade (b) 40 dB per decade 
(c) 60 dB per decade 


For the circuit of Figure 58.1, what is the corner frequency if 
C; = 0.047 pF and Ry = 5.6 kQ? 


fi, = 
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ACTIVE HIGH-PASS 
FILTERS 


INTRODUCTION 


: Active high-pass filters have the same advantages as the active low-pass filters 
: discussed in Experiment 58. Active filters are smaller, they weigh less, and they 
: are less expensive than their passive-filter counterparts. In addition, active filters 
: have fewer losses because of the active components they use. The major differ- 
: ence between high- and low-pass active filters is that low-pass filters pass low 
: frequencies up to a cutoff frequency, and high-pass filters cut off frequencies at 
: some lower frequency and pass all frequencies above that point. 


In Section I of this experiment you will calculate and measure the Ay in the 


midband and at f, of the op-amp Butterworth active filter. You will also contrast 
| the rolloff differences above f, between a first- and second-order filter. 


In Section II you will see how an open C; and a shorted resistor will affect 


_ the circuit output. 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 15, Section 15.3 


| OBJECTIVES 


In this experiment you will: 
¥ Study the operation of the active high-pass filter 
Y Contrast first- and second-order active high-pass filters 


Y Observe the effects on the circuit output of some common failures 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Dual-trace oscilloscope 

Function generator 

Circuit protoboard 

Operational amplifier, 741 or equivalent 
Capacitor, 0.01 pF [2] 

Resistors: 5 kQ, 27 kQ, 30 kQ, 47 kQ 


SECTION I FUNCTIONAL EXPERIMENT 


10. 


11. 


12. 


Build the circuit of Figure 59.1. Apply DC power. 


Connect your oscilloscope with one channel to Vin and one 
channel to Vou. Level vin must be monitored and adjusted in Vin 
order to maintain a constant level of input voltage. 


Connect your function generator to vin, and adjust the generator 
to provide a sinewave signal of 500 mVp.p at 1 kHz. Measure 
Vin and Vout, and record below. This is the mid-band Ay. 


Vin = Vout = 


Adjust the function generator to decrease frequency until the circuit output | 
drops off to 0.707 of the Vout recorded in step 3. Record this frequency. 


i = 
Calculate and record the Ay, fo, Vout(mid), and Vout(fc) of Figure 59.1. 


Ay= f, = 
Vout(mid) = as Vout(fc) = 
Adjust the function generator to the frequencies listed in Table Table 59.1 
59.1. Measure the filter output and record in the table. 1.6 
Plot your data of step 6 in Graph 59.1. Vout te 
0.8 
Build the circuit of Figure 59.2. Apply DC power. ae 
Connect your function generator to the circuit input. Adjust the 
generator to provide a 1.5-kHz sine wave at 500 mVp-p. Con- 800 1000 
nect your oscilloscope in dual-trace mode to monitor the filter eer (Hz) 
input and output signals. 


Measure and record the passband input and output volt- Graph 59.1 


ages for your filter. 


R2 
16kQ 


Vingp-p)=__________ Vout(p-p) = e 

‘ 
Repeat measurements of step 6 for this filter, but use Vin | 
Table 59.2 for your data. 


0.01 WF 0.01 uF 
Plot the data of step 11 in Graph 59.2. 


Figure 59.2 
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16 


a 12 
0.8 
0.4 
200 400 600 800 1000 
Frequency (Hz) 
| Table 59.2 | Graph 59.2 
| SECTION II TROUBLESHOOTING 


Fault 1- C, shorted 
: ], 


Tum off the circuit power. For the circuit of Figure 59.2, place a jumper 
wire in parallel with capacitor C;. Reapply circuit power. Adjust your 
function generator to provide a 1.5-kHz, 500-mV>-p input signal. 


With your oscilloscope connected to monitor both the filter input and 
output signals, measure and record the filter output for the frequencies 
listed in Table 59.3. 


Fault 2 - C; open 


Tum off the DC power. Remove the jumper shorting C; and lift the end 
of C, from the junction of C2 and R2. Reapply circuit power. Adjust your 
generator to provide an input signal of 800 Hz at 500 mVp». 
Measure and record below the filter output. 
Vout = 
What kind of output waveform do you observe? 

| DISCUSSION 

Section I 

1. For the filter of Figure 59.1, you should have found the passband gain to 
be approximately 1.6. Discuss the significance of this gain value in terms 
of the filter characteristics. 
Compare the two filter response graphs. Describe the attenuation slopes 


you measured and discuss the slopes you obtained versus the ideal (pre- 
dicted) slope for a first-order filter and second order filter. 


Section II 


Fault 1 - C, shorted 
From the data measured, can you eliminate the op-amp asa problem and ; 
determine the fault in the filter network? Discuss this, citing your meas-_ 
ured data that illustrate your answer. 


Fault 2 - C; open 
Does the measurement of the filter output give sufficient information to 
suggest a filter network problem? Discuss this failure mode and indicate 
what additional measurements you would make to isolate the fault. 


Quick Check 
1. A high-pass filter actually cuts off the frequencies. 
(a) high (b) low 


2. The active high-pass filter is more expensive than the LC filter. 


True False 

3. The rolloff for a first-order active high-pass filter is per decade. 
(a) 20 dB (b) 40 dB 
(c) 60 dB 


4. For the filter of Figure 59.1, what would the comer frequency be if 
C; = 0.001 pF and Ry = 27 kQ? 


f, = 
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ACTIVE BAND-PASS 
FILTERS 


INTRODUCTION 


: Band-pass filters fill the application need for a circuit that will pass a range of 
: frequencies and reject (attenuate) frequencies above and below that range. Ac- 
' tive filters provide nearly ideal characteristics for filters in the frequency range 
: ofa few Hz to approximately 150 kHz. For higher frequencies, passive LC filters 
: are likely the filter of choice. 

In this experiment you will build and test two band-pass filter forms. The 
' first is a single-stage filter, and the second is a two-stage filter composed of a 
: low-pass section and a high-pass section. The troubleshooting section will let 
: you see the effect of a component fault on the circuit operation. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 15, Section 15.3 


_ OBJECTIVES 
Through this experiment you will: 


Y Understand how a specific band of frequencies can be passed by the 
active band-pass filters 


Y Determine the actual band of frequencies that are passed by the 
band-pass filter 


Y Observe the effects of shorted capacitors on a band-pass circuit 


: EQUIPMENT AND MATERIALS 


Dual-trace oscilloscope 

DC power supply 

Circuit protoboard 

Function generator 

Operational amplifier [2], 741 or equivalent 

Capacitors: 20 pF, 0.0033 y1F, 0.0047 pF [2], 0.022 yF [2] 

Resistors: 330 Q, 1 kQ, 10 kQ [2], 15 kQ, 22 kQ, 27 kQ, 33 kQ [2], 
47 kQ, 100 kQ 
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SECTION I 


FUNCTIONAL EXPERIMENT 


Single-Stage Band-Pass Filter 
Build the circuit of Figure 60.1. Apply DC power. 


Connect the signal generator to Vin and adjust for a sinewave 
signal of 80 kHz at 100 mVp.p. 


Note: You may need a voltage divider to reduce the gen- 
erator signal to Vin. 


Connect your oscilloscope to monitor both Vin and Vou. Main- 
tain the input signal at 100 mVp.p. Measure and record the cir- 
cuit output with the 80-kHz input. 


Vout at 80 kHz = 


Adjust the signal generator to each of the frequencies listed in Table 60.1, 


and measure and record the filter peak-to-peak output at each frequency. 


Set your signal generator to 90 kHz and 100 mVp-p. Measure and record 
below the filter output. 


Vout at 90 kHz = 


Adjust your signal generator to each of the frequencies listed in 
Table 60.2; measure and record the filter output for each frequency. 


For the circuit of Figure 60.1, calculate and record the cutoff frequencies 
below. 


f, = f)= 
f = f4= 
Calculate and record the bandwidth (BW) for the circuit of Figure 60.1. 
BW = 

Two Stage Band-Pass Filter 


Build the circuit of Figure 60.2 (next page). Apply DC power to your 
circuit. 


With your oscilloscope connected to monitor both Vin and Vou, measure 
the filter output and record below. 


Vout at 1.5 kHz = 


Decrease the generator frequency until the filter output drops to 0.707 of 
the value measured in step 2. Record this frequency below. This is the 
lower comer frequency. 


f= 


Figure 60.1 


Table 60.1 


: = 


120 kHz 
130 kHz 
140 kHz 
150 kHz 
160 kHz 
170 kHz 
180 kHz 


Table 60.2 
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Vin 10kQ 


You might recognize 
this circuit similarity 


to the low-pass filter of 

Experiment 58 and the 

high- filter of Ex- 

periment 59) i Figure 60.2 
: 4, 
6. 
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Table 60.3 


Ry 


R> (0.0047 pF 


Increase your generator frequency until the filter output again drops to 
0.707 of the value measured in step 2. This is the upper comer frequency. 
Record this frequency below. 


f, = 
From your data of steps 3 and 4, calculate the bandwidth of the filter. 
BW = 


| SECTION II TROUBLESHOOTING 


Fault 1 - Cr shorted 


AL. 


Use the circuit of Figure 60.1. With circuit power off, use a jumper wire to 
short Cr. Reapply DC power. With your signal generator connected to 
Vin, apply a sinewave signal of 80 kHz at 100 mVp». 


Measure and record below the filter output. 
© Vout (80 KHz) = 
3. Check the filter output at several of the frequencies of Section I, steps 4 
and 6. Record your frequencies and measured filter outputs in Table 60.3. 
| DISCUSSION 
Section I 
1. Describe, for the circuit of Figure 60.1, which component you would 


change to lower the filter f2 point. Include in your description the type of 
change. Would it increase or decrease the schematic value given? 


2. For the two-stage band-pass circuit of Figure 60.2, describe the circuit 
operation. For example, is the lower comer frequency less than or greater : 
than the upper corner frequency, and which section controls the lower 
comer frequency? 


3. Given a requirement to pass a band of frequencies from 1 kHz to 12 kHz ; 
with maximum attenuation on each side of the lower and upper comer — 
frequencies, which of the filter forms you’ve explored in this experiment 
would you select. Discuss your answer and indicate why you selecteda 
given filter. 


SECTION II 


Fault 1 - Cr shorted 
Describe what information about the circuit failure the measured data: 
gave you. Discuss also how well your measured data pointed to, or exon- 
erated, the op-amp as a possible failed component. 


Quick Check 

1. The cascaded active band-pass filter is make up of what two circuits? 
a. 
b. 


2. It is important for a band-pass filter to be able to reject unwanted frequen- 
cies efficiently as it is to pass the desired frequencies. 


True False 


3. What is the first check you would make if there was no output from the 
circuit of Figure 60.1? 


4. To have a Butterworth filter response the low-pass and high-pass filter 
sections of the filter of Figure 60.2 must have gains of : 


(a) 1.414 (b) 1.60 
(c) 1.83 (d) 1.95 
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ACTIVE BAND-REJECT 
FILTERS 


INTRODUCTION 


: Active band-reject filters are used where a specific band of frequencies are de- 
: sired to be attenuated, while passing the frequencies above and below the stop- 
' band. Often you may see a combination low-pass and high-pass active filter. In 
: this experiment, the filters are in parallel and their outputs are fed into a sum- 
: ming amplifier. One difference between the band-reject and the band-pass filter 
| is that, in the band-reject filter, the low-pass cutoff frequency must be lower than 
: the high-pass filter cutoff frequency. 

In this experiment you will measure the f. for both the low-pass and high- 
: pass filters as well as the bandwidth (BW). You will also predict these parameter. 
: In Section II you will observe the effects on the Vout when an op-amp is inop- 
' erative. You will work through a troubleshooting sequence for these faults. 


2 REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 15, Section 15.3 


_ OBJECTIVES 
; In this experiment you will: 


Y Understand the operation of an active band-reject filter 


v Observe the effect on the Vout when the low-pass and high-pass filters 
are paralleled 


v Determine, through measurement, the effect of an op-amp failure on a 
circuit 


_ EQUIPMENT AND MATERIALS 


DC power supply Operational amplifier [3], 741 or equivalent 
Dual-trace oscilloscope Capacitor, 0.01 pF [2] 

Function generator Resistors: 10 kQ [3], 5.1 kQ, 22 kQ [2], 
Circuit protoboard 27 kQ, 33 kQ, 47 kQ, 51 kQ, 100 kQ 
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SECTION I 


ets 


an M 


FUNCTIONAL EXPERIMENT 

Build the circuit of Figure 61.1. Rio is used to minimize the input offset 
of U3 due to differences of input bias currents. 

Insert a signal voltage of 500 mV>p at 200 Hz. 

Measure and record the Vou. 

Vout at 200 Hz = 


Increase the function generator frequency; measure and record the Vout 
for each listed frequency listed in Table 61.1. 


Now adjust the function generator to 4.0 kHz at 500 mVp-p. 
Measure and record Vout. 
Vout at 4.0 kHz = 


Decrease the function generator frequency and measure Vou at each fre- 
quency listed in Table 61.2. Record Vou at these frequencies in that table. 


width. 
BW = 
Plot the data of steps 4 and 7 in Graph 61.1 (next page). 


From your data of steps 4 and 7, calculate and record the measured band- : 


= = 


600 kHz 
Table 61.1 


800 kHz 


1000 kHz 


1200 kHz 
Table 61.2 


Cy 
0.0047 uF 


Figure 61.1 
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Vout 


0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Frequency (kHz) 


Graph 61:1 


SECTION II TROUBLESHOOTING 


Fault 1 - Op-amp Uj inoperable 


1. 


Tum off the circuit power. Disconnect the DC supply connections from 
pins 4 and 7 of op-amp U}. 


Reapply circuit power. With your oscilloscope connected to monitor both 
Vin and Vout of the circuit, check several of the low-frequency and several 
of the high-frequency data points measured in Section I, steps 4 and 7. 


Your check of the data points of steps 4 and 7 should indicate a problem 
in the low-pass section. Set your signal generator to 800 Hz. Measure 
and record below the following signal voltages: 


Voltage at U; pin 3 = 
Voltage at U) pin 2 = 
Voltage at U; pin 6 = 


DISCUSSION 


Section I 


Your text points out that, for a band-reject filter in the form of Figure 61.1, 
the cutoff frequency of the low-pass section must be less than the cutoff 
frequency of the high-pass section. Discuss this requirement, indicating 
what you feel would be the result of not following this requirement. 


Section II 


Fault 1 - Op-amp U; inoperative 
Following the measurements that identified the band-reject filter problem | 
in the low-pass section, you made additional measurements in step 3. Dis- : 
cuss these measurements and their values, and explain how these meas- 
ured values point to an op-amp failure. 


Quick Check 

1. Itis important that the low-pass filter have a higher cutoff frequency than 
the high-pass filter. 
True False 

2. tea low-pass and high-pass filters in this experiment Butterworth fil- 
ters! 
Yes No 


3. What components determine the cutoff frequencies of the low-pass filter 
in Figure 61.1? 


The high-pass filter? 


4. How many poles are there in the low-pass filter section in the circuit of 
Figure 61.1? 
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2 


VOWS ACTIVE FILTERS 


INTRODUCTION 


: Voltage-controlled voltage source (VCVS) active filters have advantages such 
! as simple design, low output impedance, small spread of component values, and 
: a high Q. One main disadvantage, however, is that they are sensitive to compo- 
: nent value changes due to age. This causes the cutoff frequencies to drift and 
: makes the filter unstable. 


In this experiment you will build a low-pass VCVS Butterworth active filter. 


You will measure the frequency cutoff (f,) and gain of the circuit. You will also 
: build a high-pass VCVS active Butterworth filter, measure the cutoff frequency 
: (f.) and response curves, and predict the filter values. 


In the troubleshooting section you will observe the effects on the high-pass 


filter f, when C; opens. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 15, Section 15.4 


_ OBJECTIVES 


Through this experiment you will: 
Y Understand the low- and high-pass VCVS active filters 


¥ Determine the effect on Vou rolloff of a VCVS high-pass filter when C; 
opens 


_ EQUIPMENT AND MATERIALS 


Dual-trace oscilloscope 

DC power supply 

Function generator 

Circuit protoboard 

Operational amplifier, 741 or equivalent 
Resistors: 2.7 kQ [2], 10 kQ [2], 56 kQ, 100 kQ 
Capacitors: 0.01 uF [2], 0.022 pF [2] 


SECTION I FUNCTIONAL EXPERIMENT 


1. Build the low-pass filter circuit of Figure 62.1. 


Cy 


2. Connect the function gen- 
erator to provide an in- 


put of 1-Vp-p sinewave R; 0.022 pF 
signal at 1kHz.Con- yy, 27ka | 27k2 
nect your oscilloscope 


to monitor Vin and Vou. 
Measure and record 
the filter output at the 
frequencies listed in 
Table 62.1. (Remem- 
ber to maintain vin at 

1 Vp-p.) 


3. From your measured data = 
determine the pass- i 
band gain (Ay) and the Figure 62.1 
cutoff frequency of i 
your filter. 


Table 62.1 


Ay = fp = 


4. Build the high-pass fer [Fea [Vea 
circuit of Figure 62.2. 


Apply DC power. 


5. Connect the function 
generator to provide a 
1 Vp-p sinewave signal 
at 4 kHz. Connect your 
oscilloscope to monitor 
both vin and Vou. Meas- 
ure and record the filter 
output at the frequen- 
cies listed in Table 
62.2. 


6. From your data determine 
the passband gain (Av) 
and the filter cutoff fre- 
quency. 


Ay = fe = 


Figure 62.2 | Table 62.2 


7. Calculate the gain and cutoff frequency for the high-pass filter of Figure 
62.2. 


Ay = f= 
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8. How well do your measured data compare to your predicted data? 


| SECTION I TROUBLESHOOTING 


Fault 1 - C; changed value 
i 1. Tum off the circuit power. In the circuit of 62.2 remove Cy, a 0.022-"F 


capacitor, and replace it with a 0.01-uF capacitor. 


2. Calculate the new f, and record below. 


{= 


3. Apply DC power and input signal of 1 Vp-p at 4 kHz. Measure and record 


the filter output at the frequencies listed in Table 62.3. 


_ DISCUSSION 


: Section I 


Discuss your impressions of the VCVS filter. Is it as simple and predict- 
able as you expected? From your measured data and the data of Table 
15.4 in your text, what is the filter characteristic? 


Section II 


Fault I - C; changed value 


Your measured data should have indicated that the fault was in the 
extemal frequency controlling networks. What additional measurements 
would you make to isolate the failed component? 


Quick Check 


| 1, The VCVS active filter is a unity gain filter. 


True False 


2. The VCVS filtercanbea__ filter. 


(a) Butterworth (b) Bessel 
(c) Chebyshev (d) All of these 


The VCVS filter is restricted to only a two-pole filter. 


True False 
The VCVS active filter has the advantage of being very tolerant of compo- 
nent aging. 
True False 


For a Butterworth VCVS active filter all resistors and capacitors in the fre- | 


quency-determining network are the same value. 


True False 
The VCVS active filter is a circuit. 
(a) high-Q (b) low-Q 
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INSTRUMENTATION 
AMPLIFIERS 


INTRODUCTION 


: Instrumentation amplifiers have their largest application in industrial electron- 
: ics. These applications involve working with low output level transducers whose 
: signals may travel long distances. The instrumentation amplifier must provide 
: Signal gain with a large common-mode noise rejection. Most instrumentation 
{ amplifiers used now are normally integrated circuit devices. 

In this experiment you will build an instrumentation amplifier using three 
: Op-amps. You will explore the functional characteristics of the instrumentation 
: amplifier through measurements made on the operating circuit. 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 16, Section 16.2 


OBJECTIVES 
| Through this experiment you will : 
¥ Increase your knowledge of common mode rejection 
v Be able to calculate the output of an instrumentation amplifier 


¥ Show how an instrumentation amplifier amplifies the signal and rejects 
the common-mode signal 


| EQUIPMENT AND MATERIALS 


DC Power SupplY 

Dual-trace oscilloscope 

Digital multimeter 

Function generator 

Circuit protoboard 

Operational amplifier [3], 741 or equivalent 

Resistors: 2.2 kQ, 10 kQ [2], 22kQ, 100 kQ [5] 
Potentiometers: 200-kQ and 10-kQ [2] ten-turn trimpots 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 63.1. 
Do not apply DC power to the Input A R, Re 
op-amps at this time. Connect 
each input voltage divider 
(Figure 63.2) to +15 V and ad- 
just the divider to obtain an 
output of 5.000 V as closely as 
you can. 


2. Apply 15 V to the op-amps. Con- 
nect divider A to both input A 
and input B. Using your volt- 
meter to measure Vout adjust 


4V=+15V 


R7 for a minimum output—as V=-15V 
closely to 0 as you can. Recon- Input B 

nect the inputs: divider Atoin- ° 

put A and divider B to input 150 kQ 

B. 


3. Measure the input voltages and 
set input B to 5.002 V closely Figure 63.1 
as possible with input A at 5.000 V. 


Measure and record below Vout and its polarity. +15 V 716 
Vout = Rat Rei 
10kQ 10k Q 
4. Reset input B to 5.000 V and adjust input A to 5.002 V. Measure and 
record Vout and its polarity. Rr Ree 
10kQ 10kQ 
Vout = 
5. With a differential input of 2 mV, calculate the amplifier gain for steps Divider A Divider B 
4 and 5. 
Figure 63.2 
Aai = Avz = 


Average the gain values to obtain an average gain for the amplifier. 
Ana = 


Although this demonstration is not exact, notice that your instrumentation ; 
amplifier amplified a differential signal of 2 mV withacommon-mode — 
input of 5 V. 


6. Disconnect the two DC input voltage dividers. Connect a function generator 
to supply both inputs. Adjust the function generator to provide a 60-Hz 
sine wave at 250 mVp.p. Use your oscilloscope to measure both the com- 
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mon input signal and the peak-to-peak amplifier output voltage. Record 
these voltages below. 


Vin = Vout = 


Calculate the common-mode gain. 


Aco = 
Calculate the amplifier CMMR in dB from the amplifier average gain and 
the common mode gain. 
AVA 
CMMR = 20 log 7 
CMMR = 
| DISCUSSION 
Section I 
Discuss why you feel this instrumentation amplifier is useful in detecting 
a small signal change. 
Considering the amount of circuitry (three op-amps and seven resistors) 
and the data results you obtained, discuss your perceptions of the effec- 
tiveness of the instrumentation amplifier. 
Quick Check 
One method of increasing the common-mode rejection is to use precision 
resistors. 
True False 
Instrumentation amplifiers will amplify large common-mode signals as 
well as small signals. 
True False 
The output voltage is an amplified version of the difference between the 
two input signals. 
True False 
Which resistor sets the gain for the instrumentation amplifier? 


DIGITAL-TG-ANALOG 
CONVERSION 


INTRODUCTION 


Digital-to-analog (D/A) conversion is the process of changing a binary number : 
value to a decimal value. This process has an ever-increasing application inmod- ; 
ern electronics. It is the mechanism through which systems such as CD players : 
and digital cellular phones operate. 

The converters in such systems are sophisticated chips. This experiment will ; 
use amuch simpler circuit to let you see the basics of D/A conversion and to help | 
you understand the operation. 

In this experiment you will build a basic four-bit convertor and make meas- : 
urements for a variety of input conditions. Through this process you will be able : 
to see and understand D/A conversion. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 16, Section 16.3 


OBJECTIVES 
In this experiment you will: 
Y Utilize the binary numbering system in a practical application 
Y Verify the conversion of a digital to an analog signal 
¥ Calculate and relate the output voltages to a variety of digital inputs 
¥ Relate the digital inputs to the various analog outputs 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

Operational amplifier, 741 or equivalent 

Resistors: 300 Q, 4.7 kQ [2], 6.8 kQ, 10 kQ, 20 kQ, 39 kQ, 1 MQ 
Single-pole double-throw switch [4] (You may substitute jumper wires 
for switches.) 
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_ SECTION I FUNCTIONAL EXPERIMENT 


R, Ro 
4.7kQ 300 Q 


| Figure 64.1 


ran 


If you don’t have a 20-kQQ resis- 
tor for R4, use a 22-kQ resistor | 
in parallel with a 220-kQ resis- 
tor. 
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Construct the circuit of Figure 64.1. Set potentiometer Re to 8 kQ. 


You can substitute a jumper wire for each switch. There must be a jumper 
wire for each input resistor (Ri through Rs), and each must make a con- 
nection to either +5 V or ground. 


Note: Do not leave any input open-circuited. 


When a switch (or jumper) is connected to ground, a logic "0" is at that 
input. When a switch (or jumper) is connected to +5 V, a logic "1" is ap- 
plied. Initially, set all switches for a logic input of 0000. 


Apply 17 VDC to the op-amp, and +5 V to the 5-V switch buss. Measure 
the converter output voltage. Ideally, this should be zero. In a practical 
circuit without nulling, you should find an output that doesn’t exceed 

100 mV. For the purpose of this experiment disregard the output offset 
and consider it as zero. 


Notice that your converter is just a summing amplifier. For the logic input 
of 0000, record the converter output in Table 64.1 in the appropriate row. 


Apply a digital 0001, point D to +5 V, all others at 0 V. Measure and 
record the converter output in Table 64.1. Using your knowledge of sum- 
ming amplifiers, calculate the expected converter output and record in Ta- 
ble 64.1. 


Repeat the process of step 4 for each digital entry in Table 64.1. 


The resistor sizes and feedback scaling were selected so that your 
converter should have given you the decimal value of each 4-bit digital 
input. For example, for the 0111 input you should have had an output of 
essentially 7 V. 


Binary Inputs Output Voltages 
A B C D Measured Calculated 
$1 S2 S3 S4 


Table 64.1 | 


SECTION II TROUBLESHOOTING 


Fault I - Feedback resistor (R4) open 
1. Tum off all circuit power. Disconnect the feedback potentiometer and re- 


place it with a 1-MQ resistor. 


Note: The 1-MQ resistor does not totally simulate a complete open; 
however, in this circuit the simulation is sufficient. 


2. Reapply the op-amp and 5 VDC power. Monitor the converter output and 
apply 4 to 6 different digital inputs from 0000 to 1111. Describe below 
the converter response to each input. 


3. Make any additional measurements that you feel appropriate. List your 
measurement and measured result below. 
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: DISCUSSION 


Section I 


Describe how the digital input is converted to an analog output by your 
converter. 


Discuss why this D/A converter form is not used in digital circuits and 
what the limiting factors are that preclude the use of this circuit. 


Section II 


Fault I - Feedback resistor Rr open 
ae 


Discuss the converter response to the logic input of 0000 versus all other 
input combinations. What conclusions does this set of conditions justify? 
2. Describe the additional measurements you made and what the measured 
: result indicated about the circuit fault. If you made no additional meas- 

urements, describe why your conclusions of the step 2 measured data iso- 

lated the failure of Rr. 
- Quick Check 
1. If the inputs were all high (+5 V), you would expect to get the maximum 
output signal. 
| True False 
, 2. With all switches at zero, you would measure half the output because these 
are weighted resistors. 
True False 
2 3. The output voltage is equal to the feedback voltage. 
True False 
4. The signal represented by the switches S; = 0, S2 = 1, S3 = 0, and S4= 1 
would represent what decimal number? 
If Re in the circuit of Figure 64.1 were 10 kQ, what would the converter 


output be for the logic switches set to 1001? 


65 


SSS TIMER CIRCUITS 


INTRODUCTION 


The 555 timer is widely used as an IC timing device. It operates in both astable , 
(multivibrator) and monostable (triggered) modes. This versatile IC timing cir- 
cuit requires a minimum of external components to serve a range of applications, : 


from a clock pulse generator to a pulse width modulator. 


In this experiment you will build and explore the operation of the 555 in the 
astable mode as a pulse generator oscillator and in the monostable mode as a 


one-shot pulse generator. 


The troubleshooting section will let you see the effect of a component failure 


on the circuit operation. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 17, Section 17.4 


OBJECTIVES 


In this experiment you will: 


Y Test the operation of a 555 timer as an astable multivibrator 
Y Test the operation of the 555 timer as a monostable multivibrator 


Y Determine the circuit parameters for a simulated fault 


EQUIPMENT AND MATERIALS 


DC power supply 

Dual-trace oscilloscope 

Circuit protoboard 

555 timer 

Resistors: 1 kQ, 3.3 kQ, 6.8 kQ, 10 kQ [2], 12 kQ, 15 kQ 
Capacitors: 0.001 pF, 0.01 pF, 0.022 pF, 1 uF 


555 TIMER CIRCUITS 265 


| SECTION I FUNCTIONAL EXPERIMENT 


Astable Operation 
Veco 
Reset 
Discharge 
6 Threshold 
Trigger Voltage 


Figure 65.1 Graph 65.1 


; 1. Connect the circuit as shown in Figure 65.1. Adjust the DC power supply to 
+5 V for the 555 timer. 


Note: Be sure that you don’t forget to connect pin 8 for the +Vcc 
and pin | for ground. 


2. Connect the oscilloscope to the output and measure the time for one com- 
plete cycle. Use teh reult to determine the frequency of the output wave- 
form. Record it below. 


fy = 


| 3. With your oscilloscope set for dual-trace operation, connect one channel 
(DC coupled) to the junction of Ry and C; to monitor the waveform of 
Ci, and connect the other channel to the circuit output. 


: 4. Observe the capacitor voltage waveform versus the output waveform. 
Sketch the oscilloscope display in Graph 65.1. Note in your diagram the 
minimum and maximum capacitor voltage values. 


You should have found that V.1 varies from approximately 1/3Vcc 
to 2/3 Voc. What is the frequency of operation? 


fo= 
5. Calculate the duty cycle of the output waveform. 
DC= 
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6. Turn circuit power off. Replace Ra with a 6.8 kQ resistor and Rp with a 
12- kQ resistor. The multivibrator frequency of operation will be nearly 
the same as before. What do you predict the duty cycle will be? 


DC= (predicted) 


7. Tum on circuit power and measure the output frequency and the pulse on 
time. Record below the output frequency and the new duty cycle. 


fo = DC= 
Monostable Operation 


1. Connect the circuit as shown in Figure 65.2. 
Connect the signal generator to the input. Vec _ 
Adjust the generator for 8-kHz square- 7oN 
wave input at 2 Vp-p. Connect channel 1 of 
the oscilloscope to the input and channel 2 Ra 
to the output. Sketch the input versus the 10kQ 
output in Graph 65.2. Label the timing of 


Cc 
the pulses. i 4 : 
0.022 pF 
2. Observe the input versus the output of your = 


monostable timer while you change the fre- !nput 
quency of the input from approximately C | 
4 kHz to 12 kHz. $e 


C2 
0.001 LF at 0.01 uF 
Is there any change in the output pulse = 
width? 


Output 3 


7 Discharge 


Control 5 


2 Trigger 4 Voltage 


Figure 65.2 
Does the circuit generate an output pulse for every negative-going input 
signal? 


3. Set the signal generator to 8 kHz. Connect your oscilloscope to monitor 
the input signal and the voltage waveform of C. Sketch your oscillo- 
scope display in Graph 65.3. Note the minimum and maximum voltage 
values of the C; waveform. 


Pulse 1 
Pulse 2 
Pulse 3 
Pulse 4 
Pulse 5 
Pulse 6 


Input 


Output 


Graph 65.2 Graph 65.3 
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_ SECTION I TROUBLESHOOTING 


Fault 1 - Timing resistor Ra open 
1, 


Use the circuit of Figure 65.2. Turn off DC power. Simulate an open 
timing resistor (Ra) by disconnecting the end of Ra from Vec. 


Apply power to your circuit and an 8-kHz squarewave signal at 2 Vp». 
Connect your oscilloscope to monitor the trigger input and circuit output. 
Describe below the resulting waveforms. 


Change the oscilloscope connections to monitor the trigger input and the 
voltage across C). Describe the waveforms below. 


: Fault 2 - Timing capacitor Ci leaky 
P1. 


Tum off circuit power. Reconnect Ra. Connect a 10-kQ resistor in parallel 
with C). 


Apply circuit power and trigger input. Monitor the trigger input and circuit 
output. Describe the circuit waveforms. 


Reconnect the oscilloscope to monitor the trigger input and the V1 wave- 
form. Describe the signal waveforms. 


What is the peak voltage of the V.1 waveform? 
Vet (peak) = 


_ DISCUSSION 


, Section I 


Discuss the effect on the astable circuit operation and the circuit duty 
cycle when Rg is large or small with respect to Ry. Since Ra cannot be 
zero, what value of Ra would you recommend for a duty cycle of 50% 
when Ry is 15 kQ? 


Note: Ra must limit C; discharge current to less than 200 mA. 


Suppose you are working with a logic controller that (a) requires an input 
pulse width of 10 1s minimum and (b) is driven by a logic sensor that 
has negative-going pulses that vary in width from | 1s to 15 us. How 
would you use a 555 timer to ensure proper operation of the system? 


Describe your solution and include a schematic diagram as part of your 
description. 


Section II 


Fault 1 - Timing resistor Ra open 
Discuss the circuit waveform results of this failure. Could you be 
reasonably certain that the failure was the timing resistor? 


Fault 2 - Timing capacitor C; leaky 


While electrolytic capacitors can fail leaky, this fault is not likely to occur 


in ceramic or disc capacitors. However, describe how well your meas- 
ured data indicated a capacitor failure. Would you need additional meas- 
urements to prove the capacitor failure? 


Quick Check 


1. Which resistors in Figure 65.1 control the timing of the 555 timer? 


2. Increasing the size of Ra will cause the pulse width to increase. 


True False 

3. The output is always a square wave when the 555 timer is operating in 
monostable operation. 
True False 


4. The 555 timer can operate as a voltage-controlled oscillator. 
True False 
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SILICON-CONTROLLED 
RECTIFIERS 


INTRODUCTION 


: The silicon-controlled rectifier (SCR) is one of many devices classified as a 
: thyristor. It is a four-layer, three-terminal device which acts like a latch with a 
: trigger input. These devices have many applications in commercial and indus- 
: trial electronics. 


In this experiment you will see the basic operation of the SCR and make 


measurements to observe the characteristics. Then, you will test the SCR in a 
: basic phase-control circuit, emulating one application of an SCR. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 18, Section 18.2 


_ OBJECTIVES 


In this experiment you will: 


¥ Understand the basic operational characteristics of an SCR 
v Learn about SCR operation in a basic phase control circuit 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter [2] 

Oscilloscope 

Power transformer, 115 V:12.6 V 

Circuit protoboard 

SCR, C-106 or similar 

Small-signal diode, 1N914 or similar 

Resistors: 150 Q (2 W), 1 kQ, 1.8 kQ (2 W), 10kQ., 27kQ 
Potentiometers: 2-kQ ten-tum trimpot, 50-kQ ten-tum trimpot 


SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit of Figure 66.1. 


Set potentiometer R2 so that the - 
output voltage to the gate will be 18kO 
0 V (wiper to ground). 2W 


Apply 20 VDC to your circuit. 
Measure and record Vscr (anode 
to cathode) and Vax in the SCR 
Off box of Table 66.1. 


Connect a voltmeter to read the volt- 
age at the SCR gate to ground. 
Connect a second voltmeter to 

read the voltage across the load 
resistor, Vri. Slowly increase the setting of the potentiometer to increase 
the gate voltage while observing the load voltage. At the point where the 
load voltage suddenly occurs, note the value of the gate voltage. Record 
your measured value in the SCR On box of Table 66.1. 


Figure 66.1 


Note: When you want to repeat this measurement, turn down the 
gate voltage slightly, and switch the power supply off, then back on. 
It might take several operations of this measurement to obtain good 
data. 


Once you have a good and consistent gate voltage reading, leave the SCR : 
on and measure the voltage across the SCR. Record your measured val- 
ues in the SCR On box of Table 66.1. 


With the potentiometer set to the point of turning the SCR on, tum off the 
DC supply and connect an ammeter in series with Ry and the SCR. 
Switch the power supply on. Slowly decrease the power supply voltage 
and note the SCR current at the point where the SCR stops conducting. 
This is the SCR holding current I}x. Record your measured value in the 
SCR On box of Table 66.1. 


Construct the circuit of Figure 66.2. Before applying AC power, recheck 
your circuit connections to ensure proper connections. Set the potenti- 


ometer R2 to approximately mid-point. 


115 Vi126V 


Apply AC power. 


Note: Since the transformer secon- 
dary is floating from ground, you 
may apply one (and only one) 
ground in your circuit. 


SCR Off 


VSCR(off) = 
VRL= 


VeT = 
VSCR(0n) = 
VRL = 


Vx = 


Table 66.1 


: Beginning from step 5, you will 
: set up a basic phase-control cir- 
: cuit. The setting of Ro will deter- 
: mine the point in the AC sine 
: wave where the SCR will begin 
: to conduct. 


Y 


Ri 
Ro 
50 kQ 
1N914 
Figure 66.2 


SILICON-CONTROLLED RECTIFIERS 271 


Graph 66.1 


Graph 66.2 


Connect your oscilloscope to measure the waveform across the SCR. 
Sketch the SCR waveform in Graph 66.1, noting the peak circuit values. 


7. Change the oscilloscope connection to measure the voltage across the load 


resistor. Sketch the load waveform in Graph 66.2, noting the peak load 
voltage values. 


8. With the oscilloscope connected across Ry adjust the potentiometer to in- 


LY fh 


Figure 66.3 
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crease the resistance in the gate circuit and observe the load waveform. 
Then adjust the potentiometer to decrease the resistance in the gate cir- 
cuit and observe the new waveform. 


You should find that with more resistance, the waveform approximates the dia- 
gram of Figure 66.3 (a) and with less resistance in the gate circuit, the load 
waveform approximates that of Figure 66.3 (b). 


As the SCR conducts for more of the positive half cycle more power is delivered 
to the load. And as the SCR conducts for less of the positive half cycle there is 
less power to the load. 


: DISCUSSION 


1. Instep 8 or your procedure, it is stated that as the SCR conducts for more 


of the positive half-cycle, more power is delivered to the load. Expand 
on this and discuss why this should be the case. 


2. Figures 66.3 (a) and (b) give an approximate waveform for the load for 


different SCR turn-on times (phase angles). For each of these figures, 
sketch the waveform you would expect to see across the SCR and de- 
scribe the reasons for your waveform sketches. 


3 3. Can you think of a household application for the SCR? Discuss this 


application and explain how it would operate. 


Quick Check 
1. The term SCR stands for 


(a) Semi-Controlled Regulator (b) Silicon-Controlled Regulator 
(c) Silicon-Controlled Rectifier (d) Solid-Control Rectifier 


2. SCRs are often used in industry. 
True False 


3. SCRs cannot operate in AC applications. 


True False 
4. The SCR will stop conducting (turn off) when the SCR current is less than 
True False 
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TRIAGS 


INTRODUCTION 


! The triac acts like two SCRs in parallel. It allows current to pass in both direc- 
: tions and is therefore bidirectional. A forward bias is required to trigger the triac, 
; and like the SCR, the triac is often used in industrial applications where control 
: of high current demand loads is common. 

In this experiment you will construct a triac control circuit in which the 
: triggering time is determine by an RC time constant. The troubleshooting section 
: will let you see the effect on a triac control circuit that has a timing control 
: failure. 


_ OBJECTIVES 
; In this experiment you will: 


v Understand the characteristics of the triac 
¥ See how a RC time constant is used to trigger a triac 


_ REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 18, Section 18.3 


_ EQUIPMENT AND MATERIALS 


Dual-trace oscilloscope 

Isolation transformer 

Circuit protoboard 

SPST switch 

Incandescent lamp, 60 W at 120 V 
Triac, SC141D or similar 

Resistors: 5.6 kQ, 10 kQ, 1 MQ 
Potentiometer, 100-kQ ten-turn trimpot 
Capacitor, 0.22 uF [2] 


274 EXPERIMENT 67 


IMPORTANT! 


SECTION I FUNCTIONAL EXPERIMENT : | Measurements in this ex- 
: | periment require grounding 

: | one side of the AC line. 

Construct the circuit in Figure 67.1. Make sure S: is open. : | Therefore the circuit must 

; ‘| be supplied through an iso- 

Set the potentiometer Rj to its maximum setting. : | lation transformer to avoid 


Calculate the RC time constant for R = 100 kQ. 


shorting the source. 


Connect your oscilloscope channel | to the triac MT2, 
and connect channel 2 to the junction of C; and the 
triac gate. 


Note: The voltage level of channel I will be 120 
Vems . You might need a 10:1 scope probe to make 
this measurement. 


Isolation 


Apply AC power. Close switch S;. Since the oscillo- 120 VAC Trane Toler 


scope is measuring the voltage across the triac which 
will be a 120-V sine wave when the triac is not con- 
ducting, the firing point is identified as the point in 
the waveform where the triac voltage drops suddenly 
to approximately 2 V. See the waveform diagrams in 
Figure 67.2 to identify the firing and conduction an- 


gles. Figure 67.1 


Slowly adjust Ry to decrease the resistance while observing the triac | Note: The RC trigger may cause 
waveform until you observe the triac firing. Measure and record below tne lamp to delay lighting, then 
the peak voltage across capacitor C). This is the gate voltage required to suddenly turn on brightly. in this 
trigger the triac. ‘case readjust Ri to make the 

: lamp dim to its minimum value. 
VC1 (peak) = 


Adjust R, until the lamp turns on and stays lit, even though dim. Measure , re 
and record below the conduction angle. 


Conduction angle = 


Turn off the circuit power. Disconnect R; and measure its resistance. 
Using this resistance and the fixed resistance in the circuit, calculate the 
timing circuit RC time constant. 

RC= Triac Not Conducting 
Reconnect Ri. Apply AC power. Adjust Ri to its minimum value. Because 
of the fixed resistance in the timing circuit you won’t obtain full lamp 


i + may . Conducti 
brightness. Measure and record below the circuit conduction angle. eee 


Angle 
_ 


— 


1 
| 
| 
! 
\ 


Conduction angle = 

Calculate the timing circuit RC time constant. —| |- 
Firing 

RC= Angle 


. : Triac Conducting 
Observe and describe the capacitor C, waveform. 


Figure 67.2 
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Isolation 


<> 
420 VAC Transformer 


Figure 67.3 
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The circuit of Figure 67.3 has an added 
RC network to give greater range of the 
conduction angle. 


9. Tur off AC power and add this additiona’ 
network to your circuit. Set Ri 

MT. to its mid-point value. Open switch S$). 

Apply AC power to your circuit. 


10. Adjust R; while observing the lamp. 


al Does your circuit operate better in con- 
trolling the lamp brightness? 
SECTION II TROUBLESHOOTING 


Fault I - Timing resistor open 


1. 


Tum off the AC power. Remove Ro, the 10-k2 resistor, and replace with a 
1-MQ resistor. Open S; and connect your oscilloscope to monitor the 
triac gate and triac waveform. 


2. Tumon AC power. Close S:. Try adjusting Ri to tum on the lamp. Can 
you get the lamp to light? 

3. Measure the peak capacitor voltage and record below. 
Vel(pk) = 
Observe and describe the triac voltage waveform. 

DISCUSSION 

Section I 

1. In your own words, describe the circuit operation of Figure 67.1. How 
does it operate? Formulate your description as though you were the tech- 
nician writing the service manual for the field technician. 

2. At what point did the triac begin to conduct? 


Did the trigger voltage match the specs in the data book? 


Section II 


: Fault I - Timing resistor open 


1. What does the triac waveform tell you about the triac? Could the triac be 
partially shorted, for example? 
2. What does the capacitor voltage waveform tell you about C,? Can it be 
open? Shorted? 
Quick Check 
1. A triac acts like two SCRs in parallel. 
True False 
2. Trigger voltages are listed on data sheets for the triac. 
True False 
3. In the circuit in Figure 67.1, the triac is triggered after the : 
(a) capacitor charge reaches the trigger voltage 
(b) resistor charge reaches the trigger voltage 
(c) load reaches maximum current 
(d) load reaches minimum current 
4. The triac is a bidirectional device. 


True False 
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FULL-WAVE 
PHASE CONTROL 


INTRODUCTION 


i The diac is a thrysistor device that, like the triac, can latch on and conduct current 
: in either direction. Unlike the triac, the diac has no gate. The diac switches on 
: when the applied voltage reaches the breakover potential. One of its main appli- 
: cations is to serve as a trigger diode for the triac or SCR. 

In this experiment you will see the diac as a trigger diode for a triac ina 
: phase-control circuit. The diac trigger provides a current pulse to the triac gate, 
: giving more consistent triggering than the sine wave of an RC trigger. The sec- 
i tion on troubleshooting will let you see the effect on a phase-control circuit when 
i the triac fails. You will make circuit measurements to determine the fault effect. 


| OBJECTIVES 
In this experiment you will: 


¥ Become more familiar with the characteristics of a triac phase-control 
circuit 


Y Observe the characteristics of the diac in a phase-control circuit 


v Through measurements determine the effect of a triac failure on a 
phase-control circuit 


| REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 18, Section 18.3 


EQUIPMENT AND MATERIALS 


Digital multimeter Capacitor, 0.33 UF 
Dual-trace oscilloscope Triac, SC141D or similar 
Circuit protoboard Diac, ST-2 or similar 
Isolation transformer Incandescent lamp: 60 W,120 V 
Potentiometer, 100-kQ ten-turn 

trimpot 
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SECTION I FUNCTIONAL EXPERIMENT 


1. Build the circuit of Figure 68.1. Make sure switch S; is open. Set potenti- | 


ometer R, to its maximum resistance. Do not apply AC power at this 
time. 


2. Connect one channel of your oscilloscope to the MT? terminal of the 
triac to measure the voltage across the triac. 


Note: The voltage will at times 
be 120 Vpms. You may need to 
use 2 10:1 probe for your oscil- 
loscope. 


Connect the other channel of your oscillo- 
scope to the junction of C; and the 

diac to observe the voltage waveform 

of the capacitor C;. 


Isolation 
Transformer 


120 VAC. 
3. Apply AC power to your circuit. Ob- 

serve the voltage waveform of the 

triac and capacitor C1. Note below 

the peak positive and negative values 

of C; voltage. 


Vci(+pk) = 
Vei(-pk) = 


4. Adjust R; to decrease the resistance in the timing circuit 
until the lamp just begins to light. If the lamp flashes on, 
wait a few seconds and adjust Ry for minimum bnght- 
ness. 


Sketch the oscilloscope display in Graph 68.1, noting the 
peak voltage values of the waveforms. 


5. From your triac waveform of step 4, calculate the circuit 
conduction angle, and record below. 


Conduction angle = 


6. Adjust Ri for maximum lamp brightness. From the oscillo- 
scope display calculate the circuit conduction angle. Re- 
cord this angle below. 


Conduction angle = 


CAUTION YY 


Do not operate the circuit 
without an isolation trans- 
former. Your test equipment 
will ground one of the AC 
lines in your circuit. The iso- 
lation transformer will pre- 
vent the possibility of 
shorting the AC source. 


Figure 68.1 


Graph 68.1 
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_ SECTION II TROUBLESHOOTING 


Fault I - Triac shorted 
i], 


Turn off the AC power. Set S: to the off position. Simulate a shorted triac 
the trigger circuit? 

Note the peak positive and negative values of the capacitor waveform. 
Vei(+pk) = Veu(-pk) = 


| DISCUSSION 


Section I 


From your measurements of step 4, determine the diac breakover voltage. 
Assume that the triac gate potential is 2 V at the instant of trigger applica- 
tion. 


VE0 = 


Discuss your observation of the capacitor C; voltage waveform. Was 
there a large difference in the positive and negative peak values at the 
point of triac triggering over several cycles of operation? 


Describe another application for the full-wave phase-control circuit. Use a 
functional block diagram and give sufficient information in your descrip- 
tion to indicate a full understanding of the phase-control circuit. 


Section II 


! Fault 1 - Triac shorted 
AL 


Discuss the troubleshooting steps you followed in testing the phase-control 
circuit for the simulated failure. Was step 3 a necessary test to help con- 
firm that the failure was the triac? 


2. Describe the test steps you would make to troubleshoot a triac gate failure. , 


Quick Check 
1. Adiac is a bidirectional device. 
True False 
2. Breakover voltage is the voltage required for the diac to begin to conduct. 
True False ! 
3. In the circuit in Figure 68.1, the triac is triggered afterthe 
(a) capacitor charge reaches the trigger voltage 
(b) capacitor reaches diac breakdown 


(c) load reaches maximum current 
(d) load reaches minimum current 


4. The triac in this circuit acts as a bidirectional device. 
True False 
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SERIES-PASS 
REGULATORS 


INTRODUCTION 


: A Series-pass regulator is a circuit where the load voltage, and consequently the 
: load current, is controlled by a transistor in series with the load. The series-pass 
: regulator is the basis of many of the currently available integrated-circuit voltage 
: regulators. This basic circuit provides simple and effective load and line regula- 
: tion, with nominal power consumption from the source. 

In this experiment you will construct a discrete device series-pass regulator. 
: Your measurements of this circuit will let you see the basic operation of a voltage 
: regulator. 


_ OBJECTIVES 
| Through this experiment you will: 


v Understand the operation of a series-pass regulator 


v Determine through measurement the regulation of a series-pass 
regulator 


: REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 19, Section 19.2 


_ EQUIPMENT AND MATERIALS 


DC Power Supply 

NPN transistor [2], 2N3904 or equivalent 
Small-signal diode, 1N914 or similar 
Resistors: 150 Q, 200 Q, 470 Q, 1 kQ, 3.3 kQ 
Potentiometer, 1-kQ ten-tum trimpot 
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The circuit used in this ex- 
periment is nearly identical 
to Figure 19.7 in your text. 
This experiment, however, 
uses a forward-biased diode 
in place of the zener diode 
shown in your text. 


SECTION I FUNCTIONAL EXPERIMENT 


1. Construct the circuit of Figure 69.1. Set the potentiometer R3 to approxi- 
mate mid-range. 


2. Apply 10.0 VDC to your circuit input. Measure the 
regulator output, and adjust R3 to obtain an out- 
put of 5.00 V as closely as you can. Record the 
DC input and output of your regulator in Table 
69.1 for the load resistance of 1 kQ. 


3. Switch off the DC supply and install the next- 
listed load resistance of Table 69.1. Tum on the 
DC input and maintain this voltage at the same 
value set in step 2. Record in Table 69.1 the 
value of the input and output voltages. 


4. Repeat the procedure of step 3 for each load 
resistance value of Table 69.1. No load is sim- 
ply the regulator operating with Ry removed. 


Note: Since your regulator is a low-power circuit, tum 


off the DC input as soon as you have completed a meas- 1 kQ 

urement. 470Q 
5. Using the regulator output with a 1-kQ resistor as nominal, 220 0 

calculate the difference between the nominal and the output 1500 

readings having the greatest amount of difference. This is the 

output variation for load changes. Record the variation be- No load 

low. 


Variation = Table 69.1 


6. Calculate the regulation percentage using the formula below. 


: Variation 
oS 
Regulation % = Nominal Output x 100 
The Nominal Output is the regulator voltage measured with a 1-kQ load 
and Variation is the value calculated in step 5. 


7. Turn the DC power off. Install the 1-kQ load. Apply the DC input. 
Measure and record the DC input level. 


DC input = 

Measure the regulator output and the base voltage of Q; the series-pass 
transistor, and record below. 

Vout = Vs (Q1)= 
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To see the adjustment range of your regulator, adjust potentiometer R3 to 
one extreme end and measure the output voltage. Then set Rs to the other 
extreme end and measure the output voltage. Notice that the control tran- 
sistor Q2 does not have sufficient gain to cut off or saturate the pass tran- 
sistor, Qi. 


| DISCUSSION 


The series-pass regulator of your experiment is just a DC coupled two- 
stage transistor amplifier. Describe the configuration of each stage. 


Hint: If necessary, sketch the pass transistor in a vertical position to 
aid in identifying the configuration. 


Describe what changes you would make to the circuit of Figure 69.1 to 
make a fixed 9-V regulator capable of providing 0.5-A load current with 
a DC input of 12.5 V. 


2 Quick Check 


A series-pass regulator puts the regulating device in series with the load. 
True False 


Regulators are designed to deliver a constant current to changing loads. 
True False 


In a series-pass regulator like that of Figure 69.1 the pass transistor 
configuration is : 


(a) base-biased common emitter (b) DC-coupled common base 
(c) DC-coupled common collector (d) base-biased common base 


In a series-pass regulator like that of Figure 69.1, the output voltage should 
be approximately 0.7 V less than the base voltage of the pass transistor. 


True False 


IC REGULATORS 


INTRODUCTION 


There are many integrated circuit (IC) forms of regulators available. These regu- : 
lators make possible very simple regulated power supplies with good line and | 
load regulation. One popular regulator is the 7805. It is part of a family of fixed | 
voltage regulators, intended primarily to provide an output of +5 V. 

In this experiment you will construct a circuit using the 7805 regulator and, | 
through measurement, evaluate the effects of varying line input and circuit loads. 


REFERENCE 
Principles of Electronic Devices and Circuits - Chapter 19, Section 19.6 


OBJECTIVES 
In this experiment you will: 


Y Observe the characteristics of the IC voltage regulator 


v Make measurements to verify line and load regulation of the 7805 
regulator 


EQUIPMENT AND MATERIALS 


DC power supply 

Digital multimeter 

Circuit protoboard 

Regulator, MC7805 

Resistors: 25 Q (1 W), 47 Q (2 W), 100 Q (1 W), 220.Q 
Capacitors: 0.33 uF, 1 uF 
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CAUTION % 


Since your regulator is not 
mounted on a heat sink, its 
power dissipation is limited 
to 2 W. Switch off the input 
DC voltage as soon as your 
output measurement is 
complete to avoid excess 
heating of the regulator. 


Figure 70.1 


Load Regulation 


Line Regulation 


Table 70.1 
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| SECTION FUNCTIONAL EXPERIMENT 


1. Construct the circuit in Figure 70.1. 


2. Apply 8 VDC power. Measure the voltage across the Ri and record it in 


Table 70.1. 


3. Switch off the DC power, and replace Rr. with the next value listed in the 


Load Regulation part of Table 70.1. Apply DC power; then measure and 
ensure that the input voltage is 8.0 V. Measure and record in Table 70.1 
the regulated output. Repeat this process for each load resistance value in 
Table 70.1. 


From your load regulation data of Table 70.1, what is the larg- 
est variation of the output voltage (AVout) from the nominal 
5 V measured for a 220-Q load? 


AVout = 


Calculate the load regulation as a percentage, using the formula 
below and the variation (AVout) from step 4. 


AVout 
5V 


% Regulation = x 100 


% Regulation = 


, 6. Make sure the DC power is off. Change the load resistor to the 100-Q 


resistor. Reapply DC power, and ensure that the input is 8.0 V. Measure 
and record the actual value in the Line Regulation part of Table 70.1. 


7. Change the input voltage to each of the values in Table 70.1. Measure and 


record the regulated output voltage in the table. 


8. Although the input voltage variations exceeded that of a ripple of 1 Vp-p, 


the output variation should have been less than 50 mV. How well did 
your regulator maintain the output? 


Output variation (max) = Vv 


_ DISCUSSION 


1. Describe how you would use the 7805 regulator with a full-wave bridge 


rectifier to make a regulated 5-V power supply. Include in your descrip- 
tion a schematic showing your complete power supply. 


2. Discuss the advantages of using a regulator such as the 7805 in a power 


supply. List as many advantages as you can. 


Quick Check 


1. 


Most three-terminal regulators come in TO-3 or TO-220 packages. 
True False 


The 7805 regulator is often used for TTL ICs. 


True False 
The voltage regulator is designed to deliver a constant voltage for varying 
loads. . i 
True False 


The data sheet indicates that the 7805 regulator can deliver a constant 5-V 


level for input voltages between 7 V and 12 V. 
True False 
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71 


SIGNAL MODULATION 
AND DEMODULATION 


INTRODUCTION 


' Modern electronic devices such as radio and television are made possible 
' through the process of impressing an intelligence signal upon a carrier. The high- 
: frequency signal is called the carrier, the low-frequency signal is called the 
_ modulation or intelligence, and the resultant is called the modulated signal. 


In this experiment you will construct an amplitude modulator and detector. 


Through measurement of the input and output signals of each, you will see the 
: process of modulation and the process of demodulation, extracting the intelli- 
: gence from the carrier. 


_ REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 20, Section 20.2 


_ OBJECTIVES 


Through this experiment you will: 
Y Understand the characteristics of amplitude modulation 


Y Understand the characteristics of amplitude modulation detection 
(demodulation) 


_ EQUIPMENT AND MATERIALS 


DC power supply 

Dual-trace oscilloscope 

Function generator [2] 

Circuit protoboard 

NPN transistor, 2N3904 or equivalent 
Small-signal diode, 1N914 or similar 
Resistors: 2.2 kQ, 27 kQ, 100 kQ 
Capacitors: 680 pF, 0.01 pF, 0.022 pF 


SECTION I FUNCTIONAL EXPERIMENT 


10. 


MM. 


Construct the circuit in Figure 71.1. Apply DC power. 


Inject a 120-kHz carner signal of approximately 
200 mV p-p to the base of your modulator. 


With your oscilloscope, observe the modulator output 

signal, and adjust the generator frequency for a maxi- 

mum amplitude output. When the generator is tuned 0.02 pF o ont 

to the resonant frequency, set the generator output 

level to obtain a modulator output of approximately 4 o— 
arrier 


18 Vp-p. 
oe Signal 


Connect a second generator to provide the modulating !nput ‘3 
(intelligence) signal to the emitter of your modulator. a7 k a C3 
Set the generator to its minimum output voltage level : r 1 uF 


with a 1-kHz sinewave output. 


Vary the modulation input signal level while observing 
the modulator output. You should find that you can Modulation 
vary the modulated signal from a very low modula- ial 
tion level to overmodulation (a distorted, nonsinusoi- 
dal modulation envelope). Set the modulation 
generator to provide 100% modulation. See the modu- 
lation waveform in Figure 71.2. 


When you varied the modulation generator output level, what part of the 
modulated output waveform changed? 


Figure 71.1 


Vary the modulation generator frequency while observing the modulator 
output. What part of the modulated signal changed? 


Figure 71.2 
Construct the circuit in Figure 71.3. 
Connect the detector circuit to the output of the modulator. 


Note the signal at the input of the detector circuit. It should look like the 
modulated wave you observed in step 5. 


Observe the output signal of the detector. Does it look like the Ds 
intelligence part of the modulated waveform you observed 


in step 5? Modulator Vout 
Input 
Cy 
SSS SS SS 0.01 pF 
Vary the frequency of the intelligence signal. What happens to 
the signal at the output of the detector? = = 
Figure 71.3 
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_ DISCUSSION 


1. Describe the operation of the modulator circuit. Formulate your descrip- 
tion as though you were the engineering technician assigned to write the 
service manual for the field technicians. 


| 2. What kind of circuit is the detector circuit? (Hint: You saw this type of 
circuit in the beginning chapters.) 


Quick Check 

1. The term for mixing two signals is ? 

(AB (b) heterodyning 
(c) carrying (d) AM 


2 2. The high-frequency signal is called the carrier. 

True False 

3. The modulating signal is also called the intelligence. 
True False 

: 4. ThetermAMstandsfor 


(a) Amplitude Modulation (b) Always Mobile 
(c) After Modulation (d) Alternate Modulation 
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C2 


PHASE-LOCKED LOOPS 


INTRODUCTION 


The phase-locked loop (PLL) has several important applications in communica- | 
tions and industrial electronics. It can provide voltage-to-frequency conversion, : 
frequency modulation, and frequency demodulation, and it is the central element | 
in a frequency synthesis system. 

In this experiment you will explore the phase-lock characteristics of a phase | 
locked loop and the effect of input frequency changes on the DC output of the : 
chip. 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 20, Section 20.5 


OBJECTIVES 
In this experiment you will: 
¥ Gain an understanding of the operation of the phase locked loop 


¥ Understand, by experiment, the relationship between input frequency 
shifts and the DC output voltage 


v Measure the lock range of a phase-locked loop 


EQUIPMENT AND MATERIALS 


Dual DC power supply 

Digital multimeter 

Dual-trace oscilloscope 

Function generator 

Circuit protoboard 

PLL, 565 or equivalent 

Resistor, 7 kQ 

Potentiometer, 50-kQ ten-turn trimpot 
Capacitors: 0.001 pF, 0.01 pF, 0.1 uF 
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| SECTION FUNCTIONAL EXPERIMENT 


Figure 72.1 


Demodulator Equations 
for Figure 72.1 


Steps 6 through 8 provide data : 
necessary to analyze the linear- : 
ity of the frequency-to-voltage ; 
conversion, the lock range, and : 
the capture range of the circuit. | 
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Table 72.1 


Preset potentiometer Ri for 20 kQ. Carefully construct the circuit shown in 
Figure 72.1. Apply power. 


Measure the frequency (f,) of the PLL’s intemal VCO (pins 4 and 5). 
Adjust Rj to set this frequency accurately to 10 kHz. 


Important: Set up the function generator as described in the fol- 
lowign step prior to connecting the generator to the input of th ecir- 
cuit. 


Set the function generator for a Vin of 2 Vp-p ,10-kHz square wave. 


Apply Vin to the circuit. Measure the phase relationship of f, = fin with the 
oscilloscope. Record the value in Table 72.1. With a DVM, measure and 
record the demodulated voltage (Va) at pin 7. 


Slowly increase and decrease the frequency fin. Observe that as fin de- 
creases, fy decreases, the phase relationship between the two changes, 
and Va amplitude changes—the loop is locked. 


Slowly decrease fin below 10 kHz. 


As the input frequency decreases, does fp become more out of phase or 
nearer in phase with fin? 


As fin decreases, what happens to the output voltage at pin 7? 


10. 


1. 


12. 


13. 


The internal VCO will track input frequency changes until the phase rela- 
tionship of fin vs. fp becomes in phase or 180° out of phase. Beyond this 
point, the PLL cannot remain locked on fin. Decrease fin and measure as 
accurately as possible the frequency and demodulated voltage at the 

lower lock range limit. 


Lower lock range = 


After you have gone below the lower lock range limit, slowly increase fin. : 
Record the frequency at which the PLL locks with fin. This isthe lower 
capture range limit. The capture ranges are functions of the low-pass fil- 

ter (C2) and loop gain control (R2). 


Lower capture range = 


Repeat steps 7 and 8 to analyze the tracking response of the PLL for fre- 
quencies above fy. Record the upper lock range and upper capture range. 


Upper lock range = 
Upper capture range = 


Incrementally change the input frequency throughout the lock range. 
Measure and record the input frequency, the amplitude of Vout , and the 
phase relationships of fin vs. fo in Table 72.1. 


Plot in Graph 72.1, the input frequency vs. demodulated voltage from 
measurements logged in Table 72.1. Label the lock and capture 
ranges. Va fin 


Return fin to 10 kHz. Remove the low-pass filter, C2. Briefly describe 
the duty cycle, frequency, and DC reference of the unfiltered 


squarewave Vout. Graph 72.1 
raph 72. 


Sweep fin throughout the lock range. Briefly describe the effects that a 
change in fin has on the duty cycle (and hence the average voltage) 
of Vout. 


Note: In many applications where minimum demodulated ripple, 
fast lock-up time, and broad capture range are of primary concern, 
quite higher-order, low-pass filtering of Va is necessary. 


DISCUSSION 


Section I 


1. 


From a practical viewpoint, without technical detail, explain why you 
think the capture frequency for the PLL is less (smaller) than the lock fre- 
quency. : 


Describe how you would use the 565 PLL as a voltage-to-frequency 
convertor where the output frequency is proportional to the input DC 
voltage. 
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Describe, using the PLL block diagram, how you would use the PLL as a 
frequency modulator. 


- Quick Check 


The phase lock range for the LM565 PLL is 90°. 
True False 


If a PLL has an output frequency of 26 kHz at 1.8-V input and an output fre- 
quency of 32 kHz at 3.2-V input, what is the frequency-to-voltage con- 
version of the VCO? 


(a) 3.15 kHz/V (b) 4.29 kHz/V 
(c) 5.01 kHz/V (d) 6.23 kHz/V 


A PLL can be used to generate a frequency-modulated signal. 
True False 


A PLL has two states—capture and lock. 
True False 


When a PLL is used as a frequency demodulator, the output is taken from 
the : 


(a) voltage-controlled oscillator output 
(b) phase comparator input 

(c) filter output 

(d) reference signal input 


73 
VARACTOR DIODES 


INTRODUCTION 


The varactor (voltage-variable-capacitor) is a special purpose-silicon diode used 
in communications equipment such as television and FM receivers. The capaci- : 


tance value of the varactor is controlled by a voltage. 


Because the capacitance is variable, the varactor can replace a mechanically 
variable capacitor. In this experiment you will construct a circuit to see the abil- 
ity of the varactor diode to modify the circuit operation in response to a control : 


voltage. 


OBJECTIVES 
Through this experiment you will: 
Y Understand the characteristics of the varactor 


Y Observe a practical application of the varactor in a circuit controlling 
the frequency of operation 


REFERENCE 


Principles of Electronic Devices and Circuits - Chapter 20, Section 20.4 


EQUIPMENT AND MATERIALS 


DC power supply 

Dual-trace oscilloscope 

Circuit protoboard 

Inductors: 2.2 mH, 300 mH 
Capacitors: 680 pF, 0.1 uF 

Varactor diode, 1N5148 or equivalent 
NPN transistor, 2N3904 or equivalent 
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: SECTIONI FUNCTIONAL EXPERIMENT 


Voc 
+9V 


2.2 mH 
0.1 WF 
Vout 
ad Caarenen ieee 
goomH | | 
. aeenn eae 
Voltage 
Figure 73.1 Table 73.1 


2 1. Construct the circuit in Figure 73.1. 


2. Apply +9 VDC to your circuit. Connect varactor control voltage source 
and adjust it to the supply 25 VDC. 


: 3. Calculate the expected frequency of operation of the circuit tank. 
: f, m 


: 4. Connect your signal generator to the circuit input, and use the oscilloscope 

to adjust the generator for a sinewave signal of 2 Vp-p at the frequency 
you calculated in step 3. Make sure there is no DC offset in the signal 
generator output. Then connect your oscilloscope to observe the circuit 
output. 


5. Adjust the signal generator frequency to obtain the maximum output signal 
You should have found that the - from your circuit. This is the circuit resonant frequency with a minimum 


resonant frequency shifted | : , 
down approximately 5% to 8%, capacity of the varactor diode. 


and that you can control, within | ¢ 
the resonant frequency range of | ~ 
steps 6 and 7, the circuit operat- : 
ing frequency with the varactor : f= 
control voltage. : 


Measure the circuit resonant frequency using your oscilloscope and record 
below. 


ator to the circuit resonant frequency. Measure the frequency of the gen- 
erator and record below. 


ee 


: 8. Increase the varactor control voltage in 5-V steps and track the tank reso- 
Do not exceed a 25-V varac- nant frequency by tuning the signal generator to each new resonant fre- 
tor control voltage in steps 8 | | quency. 

and 9. 


Ms, 7. Decrease the varactor diode control voltage to 1 V. Adjust the signal gener- 
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9, 


Record the control voltage and circuit resonant frequency in Table 73.1. 


age? 


DISCUSSION 


Recall that reverse bias of a diode widens the depletion area of the diode, 
effectively increasing the distance between the conductors (plates) of the 
diode appearing as a capacitor. Discuss the operation of your circuit and 
its response to an increasing and decreasing bias of the varactor diode. 


Suppose that the Q of the circuit of Figure 73.1 was relatively low, 


approximately 10, and that the circuit was supplied with a fixed input fre- 
quency at or very near resonance. Describe the circuit output if the varac- 


tor control voltage was a sinewave clamped with the positive peak at 0 V 
(a negative sinusoidal waveform). 


What would you call this circuit in this case? 


Quick Check 


1. 


The varactor is a special-purpose diode operated in the reverse bias mode. 


True False 


The varactor reacts like a standard diode at high frequencies. 
True False 
The varactor reacts like a capacitor at high frequencies. 


True False 


Varactors are often used in FM receivers to control VCOs. 
True False 


Is there a linear change in resonant frequency shift versus the control volt- 


VARACTOR DIODES 297 


Laboratory Equipment 


DC power supply [2] 
Dual-trace oscilloscope 


VOM 


Digital multimeter [2] 
Function generator [2] 


Frequency counter 
Circuit protoboard 


Fixed Carbon Resistors 


, Potentiometers 
_ Any available type 
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APPENDIX A 


| COMPOSITE EQUIPMENT AND MATERIALS LIST 


All are 1/4 or 1/2 W unless stated otherwise 


252,1W 
47Q 
47.0, 2W 
82.Q 

100 2 [2] 
100.0, 1W 
1502 
150.0,2W 
180.0 
200.2 

200 0, 2W 
220.2 
2702 
300.2 

330 Q [2] 
470 Q 

470 ©, 1/2W 
500 2 

560 Q 


100 Q 
25 kQ 
200 kQ 


680.2 

820 2 
1kQ [2] 
1kQ 1/2W 
1.2kQ 
1.5kQ 
1.8kQ [2] 
1.8kQ2W 
2kO 

2.2 kQ [2] 
2.7kQ [2] 
3kQ 
3.3kQ [2] 
3.9kO [2] 
4.6kQ 
4.7kQ [2] 
5 kQ. [2] 
5.1kO 
5.6kQ 


6.8 kQ [3] 
7kQ 

8.2 kQ 
9.1kQ 
10 kO [3] 
12 kQ [4] 
15 kO. 

18 kQ 

20 kO. 

22 kO [2] 
27kQ. 

30 kQ 

33 kO [2] 
36 kQ 

39 kQ 
40 kQ 
47kO. 

50 kQ [2] 
51kQ 


Ten-turn trimpots 
1kQ 
2kQ 
5kQ [2] 
10 kQ [2] 
50 kQ 
2 MQ or 5 MQ. 


56kQ 
68 kQ 
82 kO 
100 kQ [5] 
120kQ 
150 kQ 
220 kQ 
240 ka 
270 kQ 
300 kQ 
470 kQ 
500 kQ 
510kQ 
680 kQ 
910 kQ 
1M[2] 
2.2M 
47M 


Capacitors 
Working voltage rating of 25 V or better 


0.1 mF 20 pF 

0.22 mF [2] 47 pF 

0.33 mF 68 pF 

0.47 mF [2] 100 pF [2] 

1 mF [3] 470 pF [2] 

4.7mF 1000 pF [3] 

10 mF [2] 0.001 mF 

22 mF 0.0033 mF 

47 mF 0.0047 mF [2] 

100 mF 0.01 mF [2] 

200 mF 0.022 mF [2] 

470 mF (50 V) [3] 0.033 mF 
0.047 mF 


Semiconductor Devices 


Small-signal diode, 1N914 or similar 

Recifier diode [4], 1N4001 or similar 

9.1-V zener diode, 1N5239B or equivalent 
Varactor diode, 1N5148 or equivalent 

Red LED, TIL221 or similar 

UIT, 2N2646 or equivalent 

NPN transistor, 2N3440 or equivalent 

NPN transistor [3], 2N3904 or equivalent* 

PNP transistor, 2N3906 or equivalent 
N-channel JFET, 2N3819 or MPF 102 or equivalent* 
N-channel JFET, 2N5459 or equivalent 
N-channel D MOSFET, 2N3796 or equivalent 
SCR, C-106 or similar 

Diac, ST-2 or similar 

Triac, SC141D or similar 

555 timer IC* 

Regulator IC, MC7805 

PLL IC, 656 or equivalent 

Operational amplifier IC [3], 741 or equivalent* 


*Data sheet available in Appendix B 


Inductors and Transformers 


15 pH inductor Power transformer, 115 V:12.6 V CT 
1 mH inductor Isolation transformer 

10 mH inductor 

15 mH inductor 


Miscellaneous Items 


SPST toggle switch [4] 

1-0-1 mA meter movement 
Incandescent lamp, 60 W at 120 V 
Heat gun or freeze spray 
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APPENDIX B 


DATA SHEETS 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 
Collector-Base Voltge 


Emitter-Base Voltage 


Collector Current — Continuous 

Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 

*Tots| Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating snd Storage Junction 
Temperature Range 


*THERMAL CHARACTERISTICS 
Characteristic Symbol 


Thermal Resistance, Junction to Ambient Rasa 
Thermal Resistance, Junction to Case Rec 


*Indicates Data in addition to JEDEC Requirements. 


ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted.) 


Characteristic 
OFF CHARACTERISTICS 


Symbol 


Collector-Emitter Breakdown Voltage(1) 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage 

(ic = 10 pAdc, IE = 0) 
Emitter-Base Breakdown Voltage 

(IE = 10 wAde, Ic = 0) 
Base Cutoff Current 

(VcE = 30 Vde, Veg = 3.0 Vdc) 


Collector Cutoff Current 
(VcE = 30 Vde, Veg = 3.0 Vdc) 


V(BR)CEO 


V(BR)CBO 
V(BR)EBO 
‘BL 


ICEX 


3 Collector 
2 
Base 
1 
2 
3 


2N3903 
2N3904* 


CASE 29-04, STYLE 1 
TO-92 (TO-226AA) 


1 Emitter 


GENERAL PURPOSE 
TRANSISTORS 
NPN SILICON 


This is a Motorola 
designated preferred device. 


| Min | Max | unit 


ON CHARACTERISTICS 
DOC Current Gain(1) hee —_. 
{Ic = 0.1 mAdc, Voge = 1.0 Vde) 2N3903 20 _ 
: . 2N3904 40 _ 
(Ic = 1.0 mAdc, Veg = 1.0 Vde) 2N3903 35 — 
2N3904 70 _ 
(I¢ = 10 mAdc, Vcg = 1.0 Vde) 2N3903 50 150 
2N3904 100 300 
{l¢ = 50 mAde, VcE = 1.0 Vde) 2N3903 30 _- 
2N3904 60 = 
(Ic = 100 mAdc, VcE = 1.0 Vdc) 2N3903 15 — 
2N3904 30 - 
Collector-Emitter Saturation Voltage(1) VCE(sat) 
(I¢ = 10 mAdc, Ig = 1.0 mAdc) 0.2 
(Ic = 50 mAde, Ig = 5.0 mAdc) 
Base-Emitter Saturation Voltage(1) VBE(sat) 
{i¢ = 10 mAde, Ig = 1.0 mAdc) 
{(i¢ = 50 mAdc, Ig = 5.0 mAdc) 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 10 mAdc, VcE = 20 Vde, f = 100 MHz) 2N3903 
2N3904 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 


2-3 


2N3903, 2N3904 


ELECTRICAL CHARACTERISTICS (continued) (Ta = 25°C unless otherwise noted.) 


Characteristic 


Output Capacitance 
(VcB = 5.0 Vdc, IE 


input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) 


Input Impedance 
(I¢ = 1.0 mAdc, VcE = 10 Vde, f = 1.0 kHz) 


0, f = 1.0 MHz) 


2N3903 


2N3904 
Voltage Feedback Ratio Hre 
(I¢ = 1.0 mAdc, VcE = 10 Vdc, f = 1.0 kHz) 2N3903 
2N3904 
Small-Signal Current Gain hfe 
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) 2N3903 
2N3904 
Output Admittance hoe 1.0 40 umhos 


(lc = 1.0 mAdc, Voce = 10 Vdc, f = 1.0 kHz) 


Noise Figure NF dB 


(Ic = 100 pAdc, Vee =.5.0 Vdc, Rg = 1.0 k ohms, 2N3903 = 6.0 
f = 1.0 kHz) 2N3904 = 5.0 
SWITCHING CHARACTERISTICS 


Delay Time (Voc = 3.0 Vdc, Vee = 0.5 Vdc, 
Ic = 10 mAdc, Ig = 1.0 mAdc} 


ns 


Rise Time 


(Vcc = 3.0 Vde, Ic = 10 mAdc, 2N3903 
Ip1 = Iz = 1.0 mAdc) 2N3904 


Storage Time 


Fall Time 
(1) Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 


FIGURE 2 ~ STORAGE AND FALL TIME 
EQUIVALENT TEST CIRCUIT 


10<t,< 500 us om] pe 
DUTY CYCLE = 2% rie 


FIGURE 1 — DELAY AND RISE TIME 
EQUIVALENT TEST CIRCUIT 

300 ns 

DUTY CYCLE = 2% 


—05V 
<1tns lL 


- +10.9V 


*Total shunt capacitance of test jig and connectors 


TYPICAL TRANSIENT CHARACTERISTICS 
= Ty = 25°C #--Ty = 125°C 
FIGURE 3 — CAPACITANCE FIGURE 4 — CHARGE DATA 


Voc = 40 
lef ly = 10 


Q, CHARGE (pC) 


CAPACITANCE (pF) 


50 
20 3.0 5.0 7.0 10 20 30 40 10 20 3.0 5.0 7.0 10 20 30 50 70 100 200 
REVERSE BIAS VOLTAGE (VOLTS) tc, COLLECTOR CURRENT (mA) 
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2N3903, 2N3904 


FIGURE 5 — TURN-ON TIME 


TIME (ns) 


5.0 7.0 10 2 Ww 
Ie, COLLECTOR CURRENT (mA) 


FIGURE 7 — STORAGE TIME 


t’,, STORAGE TIME (ns) 


5.0 
1.0 20 30 50 7.0 10 20 


Ic, COLLECTOR CURRENT (mA) 


50 70 100 200 


FIGURE 6 — RISE TIME 


ee Voceagy 
Hi <P ot a 


t,, RISE TIME (rts) 


5.0 7.0 10 20 = (30 
Ie, COLLECTOR CURRENT (mA) 


FIGURE 8 — FALL TIME 


ty, FALL TIME (ns) 


$0 7.0 10 20 3 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) 


“10 20 30 


TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS 


NOISE FIGURE VARIATIONS 
Voce = 5.0 Vde, Ta = 25°C, 
FIGURE 9 Bandwidth = 1.0 Hz 


nti annie ae 
Raa | ttt |_| 


SOURCE RESISTANCE = 200 2 
Io = 1.0 mA fo 


FIGURE 10 


WF, NOISE FIGURE (dB) 
a 
NF, NOISE FIGURE (dB) 


\/ 
— a, = tae 
al SOURCE RESISTANCE = 5009. Ss 
a ae 10k pe 
= S48 eis 


; H — r 
2 
es Os 
; ; i Nl Go TS 
0.1 0.2 04 Lo 2.0 40 10 20 40 100 0.1 0.2 04 10 20 40 10 20 40 100 


£, FREQUENCY (kHz) Rs, SOURCE RESISTANCE (k ohms) 
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MPF102 


CASE 29-04, STYLE 5 
TO-92 (TO-226AA) 


MAXIMUM RATINGS 


_1 Drain _ 
3 
Gate 
1 
2 
3 


2 Source 


Drain-Source Voltage 
Drain-Gate Voltage 


Gate-Source Voltage Ves -25 JFET 
Gate Current Ig 10 VHF AMPLIFIER 
Total Device Dissipation @ Ta = 25°C Pp 350 

Derate above 25°C 2.8 N-CHANNEL — DEPLETION 
Junction Temperature Range Ty 125 
Storage Temperature Range Tstg —65 to + 150 


Refer to 2N5484 for graphs. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic Symbol Min | Max | Unk | 


ViBR)GSS 


OFF CHARACTERISTICS 


Gate-Source Breakdown Voltage 
{lg = —10 wAdc, Vps = 0) 


Gate Reverse Current 
(V@s = —15 Vde, Vos 
(Vgs = —15 Vdc, Vos 


Gate Source Cutoff Voltage 
(Vps = 15 Vdc, Ip = 2.0 nAdc) 


Gate Source Voltage 
(Vos = 15 Vde, Ip = 0.2 mAdc) 


ON CHARACTERISTICS 


Zero-Gate-Voltage Drain Current* Ipss 2.0 20 mAdc 
(Vps = 15 Vde, VGg = 0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 


\Gss 
0) — 
0, Ta = 100°C) _ 


VGSi(off) 


tou 


ah 
Forward Transfer Admittance* \¥Fsl pmhos 
(Vps = 15 Vde, Vgg = 0, f = 1.0 kHz) 2000 7500 
(Vpg = 15 Vdc, Vgg = 0, f = 100 MHz) 1600 ae 
I i ~ RR at ab  a  * 1 ~ a ar hl | es a ns ee | 
Input Admittance Relyis) - 800 pumhos 


(Vps = 15 Vdc, Vgg = 0, f = 100 MHz) 


Output Conductance 
|_Wps = 15Vde,Vgs = 0,f = 100MHz) 
Input Capacitance 

(Vps = 15 Vde, Vgg = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 15 Vdc, Vgg = 0, f = 1.0 MHz) 


*Pulse Test: Pulse Width < 630 ms; Duty Cycle < 10%. 


Re(yos) 


MOTOROLA SMALL-SIGNAL TRANSISTORS, FETs AND DIODES 
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LM555/LM555C 


ZANational 


Semiconductor 
LM555/LM555C Timer 


General Description 

The LM555 is a highly stable device for generating accurate 
time delays or oscillation. Additional terminals are provided 
for triggering or resetting if desired. In the time delay mode 
of operation, the time is precisely controlled by one external 
resistor and capacitor. For astable operation as an oscilla- 


@ Adjustable duty cycle 

w Output can source or sink 200 mA 

m@ Output and supply TTL compatible 

@ Temperature stability better than 0.005% per °C 


@ Narmaliv an and nocmally aff puitoiit 
Q2: 


REPEC | Stes 


304 


TL/H/7851-1 
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Absolute Maximum Ratings 


If Milltary/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for avallability and specifications. 
Supply Voltage +18V 
Power Dissipation (Note 1) 
LM555H, LM555CH 
LM555, LM555CN 
Operating Temperature Ranges 
LM555C 
LM555 


760 mW 
1180 mW 


OC to + 70°C 
—55°C to + 125°C 


Storage Temperature Range 
Soldering Information 
Dual-In-Line Package 
Soldering (10 Seconds) 
Smail Outline Package 
Vapor Phase (60 Seconds) 215°C 
Infrared (15 Seconds) 220°C 
See AN-450 “Surface Mounting Methods and Their Effect 


on Product Reliability” for other methods of soldering sur- 
face mount devices. 


—65°C to + 150°C 


260°C 


Electrical Characteristics (1, = 25°C, Voc = +5V to + 15V, unless othewise specified) 


Parameter 


Supply Voltage 


Supply Current 
Voc = 15V, RL = 2 
(Low State) (Note 2) 
Timing Error, Monostable 
Initial Accuracy 
Drift with Temperature 


Ra = 1kto 100kn, 
C = 0.1 pF, (Note 3) 


Accuracy over Temperature 
Drift with Supply 
Timing Error, Astable 
Initial Accuracy 
Drift with Temperature Ra, Rg = 1k to 100 kn, 
C = 0.1 pF, (Note 3) 
Accuracy over Temperature 
Drift with Supply 
Threshold Voltage 


Trigger Voltage Voc = 15V 
Voc = 5V 
Trigger Current 
Reset Voltage 

Reset Current 
Threshold Current 
Control Voltage Level Voc = 15V 
Voc = 5V 
Pin 7 Leakage Output High 


Pin 7 Sat (Note 5) 
Output Low 
Output Low 


Voc = 15V, ly = 15 mA 
Voc = 4.5V, ly = 4.5mA 


vv © 
© ® 


48 
1.45 
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OSSSINT/SSSINT 


Electrical Characteristics 1, = 25°c, Voc = +5V to +15V, (unless othewise specified) (Continued) 


Parameter 


LM555/LM555C 


| kMss5 | LMSS5C 
| min | typ | Max | Min | Typ | Max 


Output Voltage Drop (Low) Voc = 15V 
IsiInK = 10mA 
IsiInK = 50 mA 
IsiInK = 100 mA 
IsINK = 200 mA 
Voc = 5V 
Isink = 8 MA 
Isink = 5MA 
Output Voltage Drop (High) IsouRCE = 200 mA, Voc = 15V 
IsouRnCE = 100 mA, Voc = 15V 


Rise Time of Output 
Fall Time of Output 


Note 1: For operating at elevated temperatures the device must be derated above 25°C based on a + 150°C maximum junction temperature and a thermal 
resistance of 164°c/w (TO-5), 106°c/w (DIP) and 170°c/w (S0-8) junction to ambient. 


Note 2: Supply current when output high typically 1 mA less at Voc = SV. 
Note 3: Tested at Vog = 5V and Voc = 15V. 
Note 4: This wili determine the maximum value of Ra + Rg for 15V operation. The maximum total (Ra + Rg) is 20 MN. 


Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded. 
Note 6: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications. 


Connection Diagrams 
Metal Can Package Dual-in-Line and Smail Outline Packages 


Vee 
DISCHARGE 


THREGHOLO 


CONTROL 
TL/H/7881-2 VOLTAGE 


Top View 


Order Number LM666H or LM655CH 
See NS Package Number HOsC 


TL/H/7851-3 
Top View 


Order Number LM565J, LM&56CV, 
LM665CM or LM655CN 
See NS Package Number JO8A, MO8A or NOSE 


ZANational 


Semiconductor 
LM741 Operational Amplifier 


General Description 

The LM741 series are general purpose operational amplifi- 
ers which feature improved performance over industry stan- 
dards like the LM709. They are direct, plug-in replacements 
for the 709C, LM201, MC 1439 and 748 in most applications. 
The amplifiers offer many features which make their appli- 
cation nearly foolproof: overload protection on the input and 


Schematic Diagram 


LyZW1 


output, no latch-up when the common mode range is ex- 
ceeded, as well as freedom from oscillations. 

The LM741C/LM741E are identical to the LM741/LM741A 
except that the LM741C/LM741E have their performance 
guaranteed over a 0°C to +70°C temperature range, in- 
stead of —55°C to + 125°C. 


TL/H/9341-1 


Offset Nulling Circult 


OUTPUT 


TL/H/9341-7 
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LM741 


Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/ 
Distributors for availabllity and specifications. 


(Note 5) 
LM741A LM741E LM741 LM741C 
Supply Voltage +22V +22V +22V +18V 
Power Dissipation (Note 1) 500 mw 500 mw 500 mW 500 mw 
Differential Input Voltage +30V +30V +30V +30V 
Input Voltage (Note 2) +15V +15V +15V +15V 
Output Short Circuit Duration Continuous Continuous Continuous Continuous 
Operating Temperature Range —55°C to + 125°C 0°C to + 70°C —§5°C to + 125°C 0°C to + 70°C 
Storage Temperature Range —65°C to + 150°C —65°C to + 150°C —65°C to + 150°C —65°C to + 150°C 
Junction Temperature 150°C 100°C 150°C 100°C 
Soldering Information 
N-Package (10 seconds) 260°C 260°C 260°C 260°C 
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C 
M-Package 
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C 
Infrared (15 seconds) 215°C 215°C 215°C 218°C 
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering 
surface mount devices. 
ESD Tolerance (Note 6) 400V 400V 400V 400V 


Electrical Characteristics (note 3) 


Parameter 


Input Offset Voltage 


Average Input Offset 
Voltage Drift 


Input Offset Voltage 
Adjustment Range 


Input Offset Current 


Average Input Offset 
Current Drift 


Input Bias Current 


Input Resistance 


Input Voltage Range 


Large Signal Voltage Gain 


308 


wie | Typ | wax | min | Typ | wax | min | Typ | max 


Ta = 26°C 
Rg < 10k 
Rs < 509 


TamiNn < Ta S Tamax 
Rg < 509 
Rs < 10k9 


a eee 


Ta = 25°C 
Tamin S Ta S TAMAX 


P| | | [mw 


Ta = 25°C 
TamMIN < TA < TAMAX 
Ta = 25°C, Vg = +20V 


TamIN < Ta S TaMax 
Vs = +20V 


Ta = 25°C | | feet ans{ |v 
[TamusTasTamax | | [| [si2{ais{ [| 


Ta = 25°C, Ry = 2k 
V/mV 
V/mV 


Vs = £20V,Vo = +15V 
V/mV 
V/mv 
V/mV 


Vs = +15V, Vo = +10V 
1-446 


TamiN < Ta S TAMAX: 
Ry 2 2kqa, 

Vg = +20V,Vo = +15V 
Vg = +15V,Vo = +10V 
Vs = +5V,Vo = +2V 


Electrical Characteristics (Note 3) (Continued) 


aie me 
Fe [ry | wax [| ye [oe] wn [top [en 


Output Voltage Swing Vs = +20V 
RL > 10kn 
RL > 2kn 
Vs = +15V 
Ry 2 10k +12 | +14 #12 | +14 
RL 2 2k2 +10 | +13 +10} +13 
Output Short Circuit Ta = 25°C 10 
Current TamMIN < TA S TAMAX 10 


Common-Mode Tamin < TA S TaMAX 

Rejection Ratio Rg < 10k, Voy = £12V 70 

Rs < 509, Voy = 212V 

Supply Voltage Rejection | Tamin < Ta S$ Tamax 

Ratio Vg = +20VtoVs = +5V 

Rs < 502 

Rs < 10k 

Transient Response Ta = 26°C, Unity Gain 
Rise Time 
Overshoot 


Bandwidth (Noie4) | Ta= aero oas7 | 16 | 
Slew Rate Ta = 25°C, Unity Gain 
Supply Current Ta = 25°C 


Power Consumption Ta = 26°C 

Vg = +20V 
Vg = +15V 
LM741A Vs = +20V 
Ta = TAMIN 
Ta = TAMAX 
LM741E Vg = +20V 
Ta = TAMIN 
Ta = TAMAX 
Vs = £15V 
Ta = TAMIN 
Ta = TAMAX 


Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum 
Ratings”). q =Tat+ (ia Pp). 


Thermal Resistance | Cerdip(s) | DIP(N) | HOB(H) | SO-8(m) | 
8jq (Junction to Ambient) 100°C/W 100°C/W 195°C/W 


LP 2iNt 


Note 2: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 3: Unless otherwise specified, these specifications apply for Vg = +15V, -55°C < Ta < +125°C (LM741/LM741A). For the LM741C/LM741E, these 
specifications are limited to 0°C < Ta s +70°C. 


Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(us). 
Note 5: For military specifications see RETS741X for LM741 and RETS741AX for LM741A. 
Note 6: Human body model, 1.5 kf in series with 100 pF. 
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LM741 


Connection Diagrams 


Metal Can Package 


TL/H/9341-2 


Order Number LM741H, LM741H/883*, LM741AH/883 
LM741CH or LM741EH 
See NS Package Number H08C 


Dual-in-Line or S.O. Package 


TL/H/9341 -3 
Order Number LM741J, LM741J/883, LM741CJ, 
LM741CM, LM741CN or LM741EN 
See NS Package Number JO8A, MO8A or NOSE 


*LM741H is available per JM38510/10101 


310 


Ceramic Dual-in-Line Package 


NC 
NC 
+ OFFSET NULL 


- OFFSET NULL 
NC 


TL/H/9341-5 


Order Number LM741J-14/883*, LM741AJ-14/883** 
See NS Package Number J14A 


“also available per JM38510/10101 
**also available per JM38510/10102 


Ceramic Flatpak 


~OFFSET NULL 
TL/H/9341-8 


Order Number LM741W/883 
See NS Package Number W10A 


